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PREFACE. 



The First Part of the following Lectures was addressed 
to a Society* of practical agriculturists, most of whom pos- 
sessed no knowledge whatever of scientific Chemistry or Ge- 
ology. They commence, therefore, with the discussion of 
those elementary principles which are necessary to a proper 
understanding of each branch of the subject. Every thing 
in such Lectures, which is not — or may not be— easily un- 
derstood by those to whom they are addressed, is worse than 
useless. It has been my wish, therefore, to employ no scien- 
tific terms, and to refer to no philosophical principles, which 
I have not previously explained. 

To many who may take up the latter portions of the work, 
some points may appear obscure or difficult to be fully un- 
derstood ; such persons will, I hope, do me the justice to be- 
gin at the beginning, and to blame the Author only when that 
which is necessary to the understanding of the later is not 
to be found in the earlier Lectures. 

For the sake of clearness, I have, in the following pages, 
divided the subject into four Parts — the study of each pre- 
ceding Part preparing the way for a complete understanding 
of those which follow. Thus, Part L is devoted to the or- 
ganic elements and parts of plants, the nature and sources 
of these elements, and to an explanation of the mode in which 
they become converted into the substance of plants ; — Part 
IL, to the inorganic elements of plants, comprehending the 
study of the soils from which these elements are derived, and 

* The Durham County Agricultural Society, and the Members of the Dur- 
ham Farmers' Club. 
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the general relations of geology to agriculture ; — Part IIL, to 
the various methods, mechanical and chemical, by which 
the soil may be improved, and especially to the nature of 
manures, by which soils are made more productive, and the 
amount of vegetable produce increased; — and Part IV., to 
the results of vegetation, to the kind and value of the food 
produced under diflFerent circumstances, and its relation to 
the growth and feeding of cattle, and to the amount and 
quality of dairy produce. 

By this method I have endeavoured to ascend from the 
easy to the apparently difficult ; and I trust that the willing 
and attentive reader will find no difficulty in keeping by my 
side during the entire ascent 

The Author has much pleasure in now presenting these 
Lectures to the public in a complete form. He has only to 
express a hope that the delay which has occurred in the pub- 
lication of the latter part of the work has enabled him to ren- 
der it more useful, and therefore more worthy of the public 
approbation. 

Durham, June, 1844. 



Note.— The rapid sale of a large impression having rendered a second 
edition of the first and second Parts necessary before the entire comple- 
tion of the work, such alterations, corrections, and additions only have 
been made as could be introduced without altering the original paging of 
the work. Several oversights, however, have been corrected, and some 
omiflsioDS supplied, which presented themselves in the earlier edition. 
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LECTURE I. 



Iinpoxtanee of Agricuttnre— Relation of the growth of food to the popobtioB of Oreit Biitaia— > 
Recent progress and prospects of Eogltoh AgricuUore— AppUcatioa of Chemical and Oeo- 
logieal Science to the art of culture— to the umprovement of soils— the rotation of crop»* 



the application of maoures^&c.— Outline of the ConrseofLectore*— Number and nature 
of the elementary bodies— The organic elements Carbon, Ujdrogen, Oxygen, and Nitro 
gen, their properties and their relations to vegetable life. 

Were I about to address you in a single or detached Lecture only, I 
should think it my duty to select some one branch of the art of culture 
for special illustration, and without much introductory matter to pro- 
ceed at once to the exposition of the principle or principles on which it 
'depended. As the present, however, is only the first of a Series of Lec- 
tures I hope to have the honor of delivering to you, I may be permitted 
to introduce my subject with a few prefatory remarks, which will here 
find their appropriate place. 

In regard to the importance of Agriculture it may appear superfluous 
in me to address you. That art on which a thousand millions of men 
are dependent for their very sustenance — ^in the prosecution of which 
nine-tenths of the fixed capital of all civilized nations is embarked— and 
probably two hundred millions of men expend their daily toil — that art 
must confessedly be the most important of all ; the parent and precursor 
of all other arts. In every country then, and at every period, the in- 
vestigation of the principles on which the rational practice of this art is 
founded, ought to have commanded the principal attention of the great- 
est minds. To what other object could they have been more benefi- 
cially directed ? 

But there are periods in the history of every country when the study 
of Agriculture becomes more urgent, and in that country acquires a 
vastly superior importance. When a tract of land is thinly peopled, 
like the newly settled districts of North America, New Holland, or 
New Zealand, a very defective system of culture will produce food 
enough not only for the wants of the inhabitants, but for the partial sup- 
ply of other countries also. But when the population becomes more 
dense, the same imperfect or sluggish system will no longer suffice. 
The land must be better tilled, its special qualities and defects must be 
studied, and means must gradually be adopted for extracting the maxi- 
mum produce from every portion susceptible of cultivation. 

The British islands are in this latter condition. Agriculture now is 
of vastly more importance to us as a nation, than it was towards the 
close even of the last century. In 1780, the island of Great Britain 
contained about 9 millions of inhabitants ; it now contains nearly 20. 
The land has not increased in quantity, but the consumption of food has 
probably more than doubled. The importation fi-om abroad has not in- 
' creased to any important extent ; by improved management, therefore, 
the same area of land has been caused to yield a double prdduce. 

But the population will continue to increase rca^ we expect that the 
food raised from the land will continue to increase in the same ratio I 



£2 ON iHPROTEMENTS IN AQRICULTU&E. 

This is an important question, to which we can give only an imperfect 
and somewhat unsatisfactory answer. 

The supei^cial area of Great Britain comprises about 57 millions of 
acres, of which 34 millions are in cultivation, about 13 millions are in- 
capable of culture, and the remaining 10 millions are waste lands suscep- 
tible of improvement. The present population, therefore, is supported 
by the produce of 34 millions of acres, or every 34 acres raises food for 
about 20 people. Suppose the 10 millions of acres which are suscepti- 
ble of improvement to be brought into such a state of culture as to 
maintain an equal proportion^me .most favourable supposition— they 
would raise food for an additional population of about 6 millions, or 
would keep Great Britain independent of any large and constant foreign 
supply till the number of its inhabitants amounted to 26 millions. 
But at the present rate of increase this will take place in about 20 
years,* so that by 1860, unless some general improvement take place 
m the agriculture of the country, the demands of the population will . 
have completely overtaken the productive powers of the land. 

But though we cannot say how far the fertility of the soil may be in- 
creased, or how long it may be able to keep a-head of the growing 
numbers of the people, we have our own past experience, the example 
of other countries, and the indications of theory, all concurring to per- 
suade us that the limit of its productive powers can neither be predicted 
nor foreseen. 

If we glance at the history of British agriculture during the last half 
century— from the introduction of the green crop system or the alternate 
liusbandry from Flanders into Norfolk, up to the present time— we find 
the results of each successive improvement more remarkable than the 
former. The use of lime, a more general drainage of the soil, the in- 
vention of improved ploughs and other agricultural implements, as well 
as the introduction of better and more economical modes of using them, 
the application of bone manure, and more recently of thorough draining 
and subsoil ploughing, have all tended not only to the raising of crops 
at a less cost, but in far greater abundance, and on spots which our 
forefathers considered wholly unfit for the growth of corn. 

The result of each new improvement, I have said, has seemed more 
astonishing than the former. For after a waste piece of land has been 
brought into an average state of productiveness, we are not prepared for 
any great improvement upon it by new labours ; nor could we readily 
believe that, half a century eifler such land had been in culture, its pro- 
duce or its value should at once be doubled, by a better draining, a 
deeper ploughing, or by sprinkling on its surface a small quantity of a 
saline substance imported from a foreign country. 

Yet the example of the Chinese shows us that the productive powers 
of the soil are not to be easily estimated. Nothing repays the labours 
of the husbandman more fully than the willing soil— nothing is more 
grateful for his attention, or oners surer rewards to patient industry, or 
to renewed attempts at improvement. 

In China we see a people whom we call semi-barbarians, multiply- 
ing within their own limits till their numbers are almost incredible; 

* For more precise data and calculations see Porier'B Prtfgreas of the Nation, 
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practisiog from the most remote ages, and in the most skilful manner, 
various arts which the progress of modern science has but recently in- 
troduced into civilized Europe.; cultivating their soil with the most assid- 
uous labour, and stimulating its fenility by means which we have hith- 
erto neglected, despised, or been wholly ignorant of— but which the dis- 
coveries of the present time are pointing out as best fitted to secure the 
amplest harvests— and have thus been enabled to compel their limited 
soil to yield a sufficient sustenance to its almost unlimited population.* 

Experience and example, therefore, encourage us to look forward to 
still further improvements in the art of culture, and, independent of such 
as may be derived from purely mechanical principles, theoretical 
chemistry seems to point out the direction in which important advances 
of another kind may reasonably be anticipated. The Chinese are said 
to be not only familiar with the relative value and efficiency of the va- 
rious manures, but also to understand how to prepare and apply without 
joss that which is best fitted to stimulate and support each kind of plant. 
How far this statement is exaggerated we are unable at present to de- 
termine, but it Lb in this direction that chemistrv appears likely to pro- 
mote the advance of European agriculture. The practical farmer al- 
ready rejoices in having in one ton of bone dust the eauivalent of 14 
tons of farm-yard manure; some €^ the most skilful living chemists 
predict that methods will hereafter be discovered for compressine into a 
still less bulky form the substances required by plants, and that we 
shall live to see extensive manufactories established for the preparation 
of these condensed manures.f 

* Ac intelligent eorrespondeot reminds ip« that the egricaltanl skill of the Chinese is 
questioned by recent writers on the customs of that country. This doubt is founded chiefly 
on the rudeness of their agricultural Implements and the scarcity of cattle, whether horses 
or cows, among them. But in this densely {leopled countnTthe hoe they employ serres 
the purpose df every other implement iZfavis'^ Chinoj ii. 2st)j and where the place of cat> 
tie is supplied by an equivalent number of men, there can be no comparaUve want of 
valuable manure. The population of China, however, is probably not so dense in all the 
provinces as it has hitherto been supposed. Many writers have estimated the entire 
population at 900 millions, while recent statists reduce it to 176 millions. Taking even the 
higher estimate, the population is not more dense than in England and Holland--the area 
of China proper being 1,200,000 square miles, or eight times that of France. It is constdera* 
My less dense, indeed, if we take into account the number of horses and cattle which in 
Europe are reared and fed on the produce of the land. We may hereafter expect more ac- 
curate informaUon, however, especially regarding the interior of this interesting country.— 
See ApperuUs A, 

t Should the opinions above expressed appear too sanguine to some, or be treated by any 
or my readers as mer^ theoretieal^ I would refer them to the words of Mr. 9mith of Dean- 
ston, the taiventor of the subsoil plough, and the introducer of the greatest practical im- 

Erovement in modem agriculture. After stating that at least three-fourth* of the whole ara- 
le bmd in the countiy ie under very indifferent culture, chiefly from the want of complete 
draining and deep working, aqd, adverting to the increased produce it may be made to 
yield, he says, " ft is not at all Improbable that Britain may become an exporting country in 
■rain in the course of the next twenty years."— i2emarAss on Thorough Draining and Deep 
Plougtdng^ by Jamea Smithy Eeq., of Deanattm Worke, p. 22. Were the population to 
remain stationary, Mr. Smith may be right ; at all events, this opinion shows that even 
practtMl men do not despair of attaining to a pitch of improvement in agriculture which 
theoretical writers dare not venture to predict. 

But among all persons of enlaif ed information f similar opinion prevails. Thas th« 
eloquent author ofa recent work on the prin^tiples of popniation says, *' the single altention 
of sobstimting the kitchen-carden husbandry of Flanders in our plains, and the terraced 
culture of Tuscany in our hills, for the present system of sgricoUurs] management, wooUi 
at once double the produce of the British islands, and procure ample subsistence for twice 
the number of its present inhabitants."— iUuon'e Pri»etpie$ of Population, I. p. 216. Thes* 
hopes are not to be rejected or suppressed ; for, though they may never be (hlly realised, 
«et they are, as it were, the seeds of exertion, from which ample harvests of good may 
^reafter Xm reaped. 
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Thus much may be said in regard to the future hopes and prospects 
of scientific agriculture.* But how few practical men are acquainted 
with what is already known of the principles of the important art by 
which they live ! Trained up in ^ncient methods— attached generally 
to conservative principles in every shape — the practical agricRlturists, 
as a body, have always been more opposed to change than any other 
large class of the community. They have been slow to believe in the 
superiority of any methods of culture which differed from their own, 
from those of their fathers, or of the district in which they live — and, 
even when the superiority could no longer be denied, they have been 
almost as slow to adopt them. 

But the awakening spirit of the time is making itself felt in the re- 
motest agricultural districts ; old prejudices ate dying out, and the cul- 
tivators of this most ancient, most important, and noblest of all the artSt 
are becoming generally anxious for information, and eager for improve- 
ment.! 

Two circumstances have contributed to retard the approach of this 
better state of things. 

In the first place, the agricultural interest in England has hitherto 
expended its main strength in attempting to secure or maintain impor- 
tant political advantages in the state. The encouragement of experi- 
mental agriculture has been in general neglected, while the diffusion 
of practical knowledge has been either wholly overlooked or considered 
subordinate to other objects. No national efforts have been nmde for . 
the general improvement of the methods of culture. While for the 
other important classes of the community special schools have been es- 
tablished, in which the elements of all the branches of knowledge most 
necessary for each class have been more or less completely taught, and 
a more enlightened, because better instructed, race of men gradually 
trained up, no such schools have been instituted for the benefit of the 
agriculturist. In our Universities, in which the holders of land, those 
most interested in its improvement, are nearly all educated, a lesson 
upon agriculture, the right arm of the State, has hitherto scarcely ever 
been given. $ With the practice of the art, the theory has also been 

Thou who have access to the Journal of the Royal English Agrieultaral Society will 
find in the firat number a paper by Mr. Pusey, ''On the present state of the science of Agri' 
culture in England," in which much valuable information is contained, and of a more prac- 
licalt kind than I have been able to introduce. Ttiis paper ought to he printed in a separate 
form, and circulated widely among those who are not members of the Royal English Agri- 
cultural Society. 

t This opinion has been confirmed by the numerous communications I have received 
from all parts of the coantry since the publication of these Lectures was announced, and tn 
which I am assured that the want of Icnowledge is generally felt, and a supply in a sufficient- 
ly elementary form desired, by all classes of ajnieullurists. I conclude, therefore, that Lie- 
big means the following sentence to apply to his German countrymen : " What can be ex. 
pected from the present (generation of ) farmers, which recoils with seeming distrust and 
aversion from all the means of assistance offered it by chemistry, and which does not un- 
derstand the art of making a rational application of chemical discoveries." I do hot lhii»k 
Ghemists ought in faimesa to blame the practical agriculturists for not understandinjr the 
art of applying chemical discoveries to the improvernent of the culture of the land. They 
must first know what tiie discoveries are ; and the error has hitherto been, that no steps 
have been taken to diffUse this preliminary knowledge. 

I However satisfied young men may be to avoid the labor of additional study while at 
College, how many in after-life regret that their early attention had not been directed to 
some or those branches of knowledge which are applicable to common life. Thus the late 
Lord Dudley, in bis letters to the Bishop of LlandaflT, invariably laments, "as ojiatakea in 
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neglected. Scientific men have had no inducement to devote their 
time and talents to a subject whicli held out no promise of reward, 
either in the shape of actual emolument or of honorary distinction. 
And thus has arisen the second of those circumstances, by which I con- 
sider the approach of a better state of things to have been retarded— 
namely, the want of an Agricultural Litetature. 

With the exception of a small number of periodical publications, 
none of these even too well supported, by which attempts have been 
zealously made to di^se important information among the practical 
farmers— it cannot be denied that the press has not been encouraged to 
do its utmost on behalf of agricultural knowledge in general— while the 
single work of Sir Humphry Davy is nearly all that chemical science 
has, in this country, been induced to contribute to the advancement of 
agricultural theory during the last forty years.* 

Many of you have probably read this work of Sir Humphry Davy, 
and are prepared to acknowledge its value. Yet how many things 
does he pass over entirely, how many things leave unexplained I Since 
his time, not only have numerous practical observations and discoveries 
been made, but the entire science of animal and vegetable chemistry 
has b^en regenerated. We are not, therefore, to expect in his work a 
view of the present state, either of our theoretical knowledge, or of our 
practical agriculture. It belongs rather to the history of the progress of 
knowledge, than to the condition of existing information. Hence the 
merits of the agricultural chemistry of Davy are not to be tried by its 
accordance with actual knowledge, but with what was known in 1812, 
when its distinguished author read his course of lectures for the last 
time before the Board of Agriculture. 

We may with certainty ])redict, howfever, that neither the practice 
nor the theory of agriculture will be permitted to experience in future 
that want of general encouragement under which during the last half 

his early life, his unacquaintance with the rudiments of agriculture — his ignoranee of lM>ta- 
ily and geolofn^."— (See also a note to the Review of these Letters in the Quarterly Review 
- for December, 1340.) 

For thid state of things we shall soon have at least a partial remedy. It is a remarkable 
fact that nearly all the new educational institutions of the higher class, on the Continent of 
Europe, of which so many have been founded within the present century, and all those 
which have been established in Ameri'*.a, I believe, without exception, have incorporated 
ioto their course of general study one or more of the newer sciences. Can we have a more 
consentaneous and universal testimony to their value and importance than this 1 The Uni- 
versity of London has been induced, by the same public demand for. this species of instruc* 
tion, to include Chemistry and Botany in its conr:4e of art« ; and circumstances onlv have 
caused Geology to be omitted for a time. Its nnmemus affiliated institutions have followed 
its steps; and hence the Catholic College of St. Cuthbert, at Usbaw, has in this respect an* 
ticipatediis Protestant neighbor at Durham. 

But should the agricultural interest rest satisfied with this introduction of one or two 
branches, suppose it generally done, into the University course of study 7 Many are of 
opinion that it ought not, and that the general interests of practical agriculture would be 
manifestly promoted, among other means, by the establishment of agricultural colleges, in 
which all the branches necessary to be known by enlightened agriculturists of every class 
should be specially and distincdy taught. Wtiether such Colleges might be beneficially 
annexed to the existing Universities, is a question deserving of serious consideration. 

* The latest edition of Lord Dnndonald's^^ Treatise on the intimate connection betweea 
Chemistry and A«ricolture," which I have seen, iadated London, 1803. 

I should be doing injustice to a good chemist and a zealous agriculturist^ were I not to 
dtrect the attention of my readers to a series of excellent articles on chemical agriculture 
by Dr. Madde^, inserted in the numbers of the Quarterly Journal of Agriculture for the last 
two yeara. , , 

Since the above went to press. Three Lectures on Agriculture have, appeared from- the 
pen of Dr. Daiibeny, of Oxiord, whose name will secure them an extended circulation. 
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centary they have in England been pennitted to languish. The public 
mind has been awakened, and the establishment of Agricultural Associ- 
ations, provincial and local, are manifestations of the interest now felt 
upon the subject in all parts of the country. It requires only the general 
exhibition of such an interest, and the adoption of some general means of 
encouragement, to stimulate both practical ingenuity and scientific zeal 
to expend themselves on this roost valuable branch of national industry. 

Science is never unwilling to lend her hand to the practical arts ; on 
the contrary, she is ever forward to proflfer her assistance, and it is not 
till her advances have been rejected or frequently repulsed, that she re- 
frains from aiding in their advancement. 

Need I advert, in proof of this, to the unwearied labours of the vege- 
table physiologists— or to the many valuable observations and experi- 
ments recorded in the memoirs of scientific chemists. In these memoufs, 
or in professedly scientific works, such observations have not unfre- 
quently been permitted to rest;— the public mind being unprepared 
either to appreciate their value or to encourage the exertions of those wko 
were willing to give them a practical and popular form. 

And how numeipus are the branches of science connected with this 
art? Need I speak of botany, which is, as it were, the foundation on 
which the first elements of agriculture rest ; or of vegetable physiology, 
to the indications of which it has hitherto almost exclusively looked for 
improvement and increased success ; or of zoology, which alone can 
throw light on the nature of the numerous insects that prey upon your 
crops, and so often ruin your hopes,— and which can alone be reason- 
ably expected to arm you against their ravages, and instruct you to ex- 
tirpate them ? Meteorology among her other labours tabulates the highest, 
the mean, and the lowest, temperatures, as well as the quantity of rain 
which falls during each day and each month of the year. Do you 
doubt the importance of such knowledge to the proper cultivation of the 
land ? Consider the destructive effects of a late frost in spring, or of a 
continued heat in summer, and your doubts will be shaken. A wet sea- 
son in our climate brings with it many evils to the practical agriculturist ; 
but what effect must the rain have on the soil, in countries where nearly 
as much falls in a month, as in England during the course of a whole 
year ;*-»where every thing soluble is speedily washed from the land, and 
nothing seems to be left but a mixture of sand and gravel ? It may 
indeed be said with truth, that iio department of natural science is inca- 
pable of yielding instruction— that scarcely any knowledge is superflu- 
ous—to the tiller of the soil. 

It is thus that all branches t>f human knowledge are bound together, 
and all the arts of life, and all the cultivators of them, mutually de- 
pendent. And it is by lending each a helping hand to the others, that 
the success of all is to be secuj>ed and accelerated ; while with the gene- 
ral progress of the whole the advance of each individual is made sure. 

The recent contributions and suggestions of geology are tlie best proof 
of the readiness of the sciences of observation to give their aid to the 
promotion especially of agricultural knowledge. The geologist can 
best explain the immediate origin of your several soils, die cause of the 

* itCsDton. to tha mnoth of May* thA fUl nf nln It often m bmkIi m aOtaelioi. 
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diveisines which even in the same farnit it may be in the saaie field, 
they not unfrequently exhibit ;* the nature and difierencee among your 
eubaoik, and the advantages you may expect from breaking them up or 
bringing them taihe surface. 

Geolog^r is essentially a popular science, and the talents of its emi- 
nent English cultivators are admirably fitted to make it still more so. 
Hence, a certain amount of knowledge of this science has been of late 
years very generally diffused, and its relations to agriculture are be- 
coming every day better understood. The Highland Society of Scot- 
land, among its many other useful exertions, has done very much to 
connect agriculture and geology with the sphere of its own labours, 
while the Journal of the Royal Agricultural Society of England mani- 
fests a similar desire on the part of that numerous and talented body, to 
illustrate the connection of agriculture with geology and chemistry, in 
the southern division of the island. That Dr. Buckland, Mr. Morchi- 
aon, and Mr. De la Beehe have each engaged to make a gratuitous sur- 
vey of the subsoils in several extensive agricultural districts, at the re- 
quest of the Council of this Socieiy,f shows that, where their services are 
estimated, our most eminent scientific men will not hesitate to devote them 
to the development of the most important branches of national industry* 

The time, therefore, is peculiarly favourable for the increase and diflfu- 
•ion of agricultural knowledge. The growth of our population re- 
quires it— -practical men are anxious to receive in8truction«**-scientific 
men are eager to impart ^what they know, and to make new researches 
far the purpose of clenring up what is unknown— -are we not iustified, 
therefore, in anticipating hereafter a constant and general difl^usion of 
light, a steady progress of agricukural improvement ? 

Having thus glanced at the state and prospects of scientific agricul- 
ture in general, and especially of the art of culture in England, permit 
me to advert to a few of those questions of daily occurrence among you, 
to which chemistry alone can give a satisfactory answer. I shall not in 
this place allude to the subject of manures— which' form alone an entire 
chapter of most recondite chemistry, and which I shall take up in its 
proper place, but I shall select a few isolated topics, the bearing of 
<• chemical knowledge upon which is sufficiently striking. 

Some soils are naturally barren, but how fow of our agriculturists are 
able, in regard to such soils generally, to say why ; how few who poe- 
tess the knowledge requisite for discovering the cause ! Of these bar- 
ren lands some may be improved so as amply to repay the outlay ; some, 
from their localit^r or from other causes, are in the present state of our 
knowledge irreclaimable. How important to be able to distinguish be- 
tween these two cases ! 

* I cannot refer to a plainer, more simple, or more beaotiful llloetratfon of thit faet thaa 
that which is presented In a short paper by Sir John Johnstonei Bart., inserted in the Joar* 
Dsl of the English ▲srieoUaral Society, I. p. 271, entitled **On the Application of Geology to 
Afrienlture.*' See also an able paper bv the Rer. Mr. Thorpe, of which a Taloabte repmt It 
contained in the Doncaater Chronicle or December 5th, and which will be published in the 
proceedings of the Geological and Polytechnic Society of the West Riding of Yorkshire. 

t Journal of the Royal Agrioultursl Society, Report of their Council, L p^ 183. 

To form a just Idea of the Talue and importance of such surveys, it Is only necensart to 



, p^ ST., pp. 4fi3 to 48^ of Bfr. De la Beche's ** Geological Report on Cornwall and 1 . 

Ton," or Profesaor Hitcboocrs "Report on a re-examinaUoo of toe Economic Geology of 
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Some apparently good soils are yet barren in a high degree. In en- 
deavouring to improve such soils, practical men have no general rule— 
they can have none. They work in the dark— like a man who makes 
experiments in a laboratory, without a teacher or without a book, till, 
after many blanders and much expense, he discovers some fact, to him- 
self new, bat to others long known, and forming only one of many ana- 
logous facts, flowing from a common, and probably well understood, 
principle. 

♦♦ The application of chemical tests to such a soil," says Sir Humphry 
Davy, ** is obvious. It must contain some noxious principle, [or be de- 
ficient in some necessary element.— J.] which may be easily discovered 
and probably easily destroyed. Are any of the salts of iron present, 
they may be decomposed by lime. Is there an excess of siliceous sand, 
the system of improvement must depend on the application of clay and 
calcareous matters. Is there a defect of calcareous matter, the remedy 
is obvious. Is an excess of vegetable matter indicated, it may be re- 
moved by liming, paring, and burning. Is there a deficiency of vege- 
table matter, it is to be supplied by ma'nure.*'— [Agricultural Chembtry, 
Lecture 1.] 

What was trne in regard to the applications of chemistry in the time 
of Sir Humphry Davy is more true in a high degree of the chemistry 
of our time. Not only is the nature of soils better understood, but we 
know in many cases what a soil must contain before it will produce ia 
given crop. Why do pine forests settle themselves on the naked and 
apparently barren rocks of Scotland and of Northern £itrope, content if 
their young roots can find but a crevice in the mountain to shelter them ? 
Why does the beech luxuriate in the alluvial soils of Southern Sweden, 
of Zealand, and Continental Denmark ? Why does the birch spring 
up from the ashes of the pine forest-^why the rapid rush of delicate 
grass from the burned prairies of India and of Northern America ? 
Whence comes the thick and tender sward of the mountain limestone 
districts— whence the gigantic wheat stalk of a virgin soil ? Why do 
the same forest trees propagate themselves for ages on the same spots 
without impoverishing the soil— why do the natural grasses, the longer 
they are undisturbed, render the land only the more fertile ? 

These, one would think, are scarcely chemical questions, and yet to 
all of them, and to a thousand such, chemistry alone can and will give 
a satisfactory answer. 

The rotation of crops is a practical rule, the benefit of which has 
been proved by experience ; it becomes a true philosophical principle 
of action, when we discover the causes from which this benefit springs. 
Botany has thrown considerable light, and of an interesting and im|f)or- 
tant kind, upon this practice, but chemistry has fully cleared it up and 
established the principle. 

Sir Humphry Davy speaks of the use of lime. Can you explain the 
mysterious, and apparently fickle and diversified, agency of this sub- 
stance in reference to vegetation? Are the advantages so frequently 
attendant upon its use to be ascribed to the chemical character of the 
soil to which it is applied, to the kind and quantity of the vegetable 
matter it contains, or to the geological nature of the rocks on which it 
rests? Are they dependent upon the drainage and exposure of the' 
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land— on the kind of crop to be raised— on the general climate of the 
district-*<»n the maxima and minima of temperature— or on the quanti- 
ty of rain which falls? 

So with gypsum. Why are its effects lauded in one district, doubted 
in another, and decried in a third! Are no rules or principles to be 
discovered, by whicb_ these diversified effects are to be explained, and 
the true purpose and fit use of these and other mineral substances clear- 
ly pointed out? Such principles are yet to be sought for; but if 
sought by the way of well devised and accurately conducted experi- 
ment, they are sure to be discovered. 

The land is exhausted by frequent cropping. What language more 
familiar, what statement more true than this ? Yet how few under- 
stand what exhaustion implies; how few can explain either how it 
takes place, by what means it can be remedied, or how, if left to her- 
self, nature at length does apply a remedy ! 

Have you any doubt in regard to the prevailing ignorance on this 
subject ? To be satisfied, you have only to look with an experienced 
eye on the agricultural practice of the county of Durham. Are there 
not thousands of acres in the centre of this county which exhibit a de- 
gree of unproductiveness not natural to the soil ; — which have been 
overcropped, and worn out, and impoverished? A soil comparative- 
ly fertile by nature has been rendered unfertile by art. That which 
was naturally good has been rendered as unproductive and unprofitable 
as that which was naturally bad. Has this state of things arisen from 
ignorance, froni design, or from necessity ? By whichever of these it 
has beeu immediately caused, it is clear that the requisite degree of 
knowledge on the part of the owners of the soil would have retarded if 
not wholly prevented it. 

The same knowledge will enable them to reclaim these lands again, 
and gradually restore them to a more fertile condition ; for the changes 
which the soil undergoes in such circumstances are all chemical 
changes, — either in the relative quantities of the substances it contains, 
or in the state of combination in which they exist. 

The art of culture indeed is almost entirely a chemical art, since 
nearly all its processes are to be explained only on chemical principles. 
If you add lime or gypsum to your land, you introduce new chemical 
agents. If you irrigate your meadows, you must demand a reason 
from the chemist for the abundant growth of grass which followii. Do 
you find animal manure powerful in its action, is the effect of some 
permanent, while that of other^is speedily exhausted l^-doesa mixture 
of animal and vegetable manure prepare the land best for certain kinds 
«)f grain'— -do you employ common salt, or gypsum, or saltpetre, or ni- 
trate of j^xia, wiih advantage ? — in all these cases you observe chemical 
results which you would be able to control and modify did you possess 
the requisite chemical knowledge. 

It is not wonderful that even theoretical agriculturists should be far 
behind in the knowledge of those principles on which their most impor- 
tant operations depend. The greatest light has been thrown upon the 
art of culture by the researches of organic chemistry, a branch which 
may be said to have started, if not into existence, at least into a new 
life, within tlie last ten years. Every day too is adding to the number 
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jind vbTo^ of its discoveries, and the agrieulturist may well be jpardoued 
^r Dot keeping pace wiih the advances of a department of sciencey 
which even the professed and devoted chemist can scarcely overtake. 

I might advert also to the mechanical operations of ploughing, wheth- 
er common or subsoil, of fallowing, draining, weeding, and many 
others, as being only so many methoids by which chemical action is in- 
duced or facilitated ;-— to the growth of plants, and even to such ob- 
served difierences as that of the relative quantity of leaves and tubers in 
the potatoe, and of grain and straw in our corn-6elds, as interesting 
cases on which scientitic chemistry throws a fiood of light. I might 
shew how the feeding of your cattle and the raising and management 
of dairy produce are not beyond the province of chemistry, but that the 
only approach to scientific principle yet made, even in these branches 
of husbandry, is derived from the resolts of chemical research. 

But I do not dwell on any of these points: they w|ll all hereafter 
come under our review in their appropriate order, and will aflbrd me an 
opportunity of laying before you many important facts, as well as, I 
bope, valuable practical deductions and observations. 

While, however, I feel justified in saying thus much of the light 
which existing chemical knowledge throws on the natural processes of 
vegetation, and on the artificial methods of practical agriculture, I 
would not lead you to suppose that our knowledge is by any means 
complete^ that there are not many points over which much darkness 
ftill rests— ibat 9ome of tbe theoretical views now entertoioed are not 
crude, adopted too hastily, and. generalized too rapidly. But a similar 
confessicHi may be made in reference to all the modern sciences of ob- 
servation without diminishing their importance or detracting from the 
value of tbe facts they embody. Human science is progressive in ail 
its branches, and to refuse to follow the indications of existing know- 
ledge because it is to some extent uncertain, would be as foolish as to 
refuse to avail ourselves of tlie morniog's light, because it is doc equal 
to that of the midday sun. 



1 advance, therelbre, to the special object of these lectures, and I shall 
first present you with a rapid outline of the method which I intend to 
follow. It is indispensable that this method should be simple, and that 
every consecutive portion should be so fitted to clear the way for, and 
throw light upon, what is to follow, that we may be able to advance 
from the first rudiments to the most difficult and abstruse parts of oyr 
subject, without any chance of the illustrations being even difficult to 
comprehend. This end I do not hope perfectly to attain, but it will be 
my constant aim, and, with due attention on your part, I do not fear 
that we shall fail in arriving at a perfect understanding of the various 
points to which I shall have occasion to direct your attention. 

I propose, therefore, to bring before you— 

I. The constitution of vegetable substai>ces with the properties of the 
elementary and compound bodies which either enter into the substances 
of plants or contribute to their growth and nourishment. 

II. Tbe general structure and functions of tbe several paru of plaitts 
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— ^iheir mode of growth — and the manner in which their fooa is ab* 
sorbed, changed, and con^'erred into parts of their substance. 

III. Tlie origin, nature, aud principal differences of soils — with the 
circumstances on which their relative fertility depends, or under which 
it is modified. 

IV. The nature and differences of manures, and their mode of action, 
whether directly in supplying food to the plant, or indirectly in hasten- 
ing and increasing their growth. 

V. The nature and diversities of the food raised as the result of cul- 
f ure^-espscially in reference to their several equivalents or powers of 
supporting animal life. 

Under this head the feeding of cattle and the variations in the quan- 
tity and quality of dairy produce, will form subjects of consideration. 

These different branches, I believe, comprehend the whole subject 
of chemical agriculture ; in regard to all of them we shall derive either 
from chemistry or geology much important information. 

§1. Diffelrent kinds and states of matter. 

All the forms of matter which present themselves to our. view, 
whether in the solid crust of the globe on which we live, in the air 
which forms the atmosphere by which we are surrounded, or in the bo- 
dies of animals and plants — all are capable of being divided into the two 
great groups of organic and inorganic matter. The solid rocks and soils, 
the atmosphere, the waters of the seas and oceans, every thing which 
neither is nor has been the seat of life, may generally be included under 
the bead of inorganic matter. The bodies of all living animals and 
plants, and their dead carcases, consist of organic or organized mauer. 
These generally exhibit a kind of structure readily visible by the eye, 
as in the pores of wood, and in the fibres of hemp, or of the lean of 
beef,* and are thus readily distinguished from inorganic matter, in 
which no such structure is observable. 

But in n'lany substances of organic orijgin also, no structure is obser- 
vable. Thus, sugar, starch, and gum, are formed in plants in great 
abundance, and yet do not present any pores or fibres; they have never 
been endowed with organs, yet being produced by the agency of living 
organs, they are included under the general name of organic matter. 
So when animals aud plants die, their bodies undergo decay, but the 
matter of which they are composed is considered as of organic origin, 
not only as long as any traces of structure are observable, but even after 
all such traces have disappeared. Thus coal is a substance of organic 
origin, though almost all traces of the vegetable matter from which it 
has been derived, have been long ago obliterated. • 

Again, heat chars and destroys wood, starch, and gum, forming black 
substances totally unlike the original matter acted upon. By distUlation, 
wood yields tar and vinegar ; and by fermentation, sugar is converted 
first into alcohol, and then into vinegar. All substances derived from 
vegetable or animal products by these and similar processes are included 
onder the general designation of organic bodies. 

* The poT«8 of vwod and fibras and minute vessels in animals being the orgoM or instru- 
mentt of life, the substances themselves are called organized or oiganic 
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Now if we take ««^rtioa of almost any of those Dumeroas forms 
of matter which we meet with either in the inorganic or in the orgaoic 
kingdoois, we find, that on subjecting it to certain chemical processes, it 
is capable of being resolved or separated into more than one substance. 
Thus coal when put into a gas retort is resolved into tar, coal gas, and 
certain other substances. Wood, when treated in the same way, yields 
pyroligneous acid, tar, and water, and leaves behind a residue of char- 
coal. If again we subject charcoal to the action of heat (not in the 
open air), or to any other process we can devise, we can never separate 
any thing further from it. Afler all our operations we obtain only 
charcoal. 

So a piece of common lead ore, when heated in -a similar manner, 
will, if pure, give ofTsulphuronly, and leave the lead behind, from which 
nothing but lead can afterwards be extracted. 

Thus it is evident that wood and the ore of lead differ from charcoal 
and metallic lead in this respect, that the former consist of more than one 
kind of matter, the latter of one kind of matter only. Hence charcoal 
and lead are called aimpU or elementary bodies, while wood and all oth- 
er substances whicli are capable of l>eing resolved into two or more 
different kinds of matter are called compound bodies. 

The dtver^fied forms of matter which present themselves to our no- 
tice in the mineral crust of the globe, and in the organs and vessels of 
plants and animids, are absolutely without number. We can no more 
reckon them than we can the stars of heaven. Yet it is one of those re- 
sults of modern chemistry which to the mind not yet familiarized 
with chemical discoveries appears most wonderful, — that these num- 
berless forms of matter are capable of being' resolved into, and there- 
fore are composed or made up of, only 55* of those simple or ele- 
mentary substances, the nature of which has been above explained. 
Occasionally these elementary substances occur in a separate state, as 
in native [so called when found in the malleable state,] gold and silver, 
but they are generally found associated together, forming substances 
from which several of the 55 simple bodies may be extracted. 

All the material substances in nature consist of one or more of these 
55 elementary bodies. • This is sufficiently surprising, yet it is, if pos- 
sible, still more 'remarkable that nearly the entire mass of every vege- 
table substance may be resolved into one or more o£four only of these 
simple substances. 

When a portk)n of animal or vegetable matter is burned it either en- 
tirely disappears or leaves behind it only a small quantity of ash. Ani- 
mal and vegetable oils and fats, gum, sugar, and starch, when burned, 
disappear entirely ; a piece of wood or of lean meat leaves a small 
quantity of earthy (inorganic) matter behind. 

Now all that disappears when any portion of vegetable matter, of any 
kind, is burned, consists generally of three, and only in some rare cases 

' The name* of these elementary bodies are as foUows :~OzTf en, hydrogen, nttrogeD, 
solphor, selenium, phosphorus, chlorine, bromine, iodine, llaorine, carbon, boron, silieon, 
potassiam, sodium, lithium, barium, strontium, calcium, magneaipm, aluminium, gluciaiumi 
yttrium, zirconium, thorium, cerium, lanthanium, manganese, iron, cobalt, nickel, sine! 
cadmium, load, Un, bismuth, copper, uranium, mercury (quicksilver), silver, palladium! 
iridium, plaUnum, gold, osmium, tttanium, taotslum (columoinffl), tonnUn, Biii>I|rbd«B«ffl, 
vaoadlnm, chromium, aatimooy, teliarium, arssoic 



of mart thftii four> of th« eleicentary bodi«9. Thme four tre carbodi 
oxygen, hydrogen, and nitrogen. With the exception of the matter in- 
destructible by nre(tbe ash), chemical analysis* has hitherto failed todeteet 
the presence, in any notable quantity, of more than these four substances. 
The same remarks apply with almost equal truth to animal substances. 
The destructible part of these also consists of the same four elements. 

To the auncniturist, therefore, an acquaintance with these four coi>- 
stituent parts of all that lives and grows on the face of the globe ie 
indispensable. It is impossible for him to eomprehend the laws by 
which the operations of nature in the vegetable kingdom are conducted, 
nor the reason of the processeehe himself adopts in order to facilitate or to 
modify these operations, without this previous knowledge of the nature 
of the elements— >tlie raw materials as it were— out of which ail the 
products of vegetable growth are elaborated. 

I shall first, therefore, exhibit to you briefly the properties of these 
or^YmM^Bonstitueots of plants, in order that we may be prepared for the 
further inquiries— by what means or in what fonn they eater into the cir- 
culation of plants— ^end how, when they have^so entered, they are con- 
verted into those substances of which the skeleton of the plant consists 
or which are produced in its several organs. 

§ 2. Carh&n^-'iUpropertUi und relaUens to vegetahle lift. 

Carbon is the name given by chemists to the substance of wood char- 
coal in its purest form. When wood is distilled in close vessels, or 
burned in heaps covered over, so as to prevent the free access of air, 
wood charcoal is left behind. When this process is well performed, the 
charcoal consists of carbon with a slight admixtnre only of earthy and 
saline matters, which remain behind on burning the charcoal in the air. 

Heated in the air, charcoal byrns with little flame, and, with the ex- 
ception of the ash which is left, entirely disappears. It is converted into 
a kind of air known among chemists by the name of carbonic acid* which 
ascends as it is formed and mingles with the atmosphere. 

Charcoal is light and porous, and floats upon water, bnt plumbago or 
black lead and the diamond, which are only other forms of carbon,' are 
heavy and dense. The former is ^h aud the latter 3^, times heavier 
than water. The diamond is the purest form of carbon, and at a high 
temperature it bums in the air or in oxygen gas, and, like charcoal, dis- 
appears in the state of carbonic acid gas. 

Of this carbon all vegetable substances contain a very large portion. 
It forms from 40 to 50 per cent., by weight, of all the parts of plants 
which are cultivated for the food of animals or of man, [that is, or these 
plants in their dried state.] In the economy, of nature, therefore, it per- 
forms a most important part. 

The light porous charcoals obtained from wood [especially from the 
willow, the pine, and the box], and from animal substances, possess 
several interesting properties, which are of practical application in the 
art of culture. 1°, They have the power of absorbing m large quanti- 
ty into their pores, the gaseous substances and vapours which exist in 

* Under the ffeneral name of chemical analyst are eomprehended Che vuioue proeeHOi 
to which, at above explained, natural forms of matter may be resolTed or ■epaoMect into 
the ieveril dtmmt§ or eimple aubaouicea of which Chef eonaist 
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the atm6iph6F6 ;* aod on this property, as I shall explain hereaAer, the 
use of charcoal powder as a manure probably in some measure depends* 
2^. They also separate from water any decayed animal matters or col- 
ouring substances which it may hold in solution ; hence its use in filters 
for purifying and sweetening impure river or spring waters, or for clari- 
fying syrups and oils. This action is so poweriul that port wine is 
rendered perfectly colourless by filtering through a well prepared char- 
coal. 

In or upon the soil charcoal for a time will act in the same manner, 
will absorb from the air moisture and gaseous substances, and from the 
rain and from flo^'ing waters organized matters of various kinds, any 
of which it will be in a condition to yield to the plants which grow 
around it, when they are such as are likely to contribute to their 
growth. 

3°. They have the property also of absorbing disagreeable odours in 
a very remarkable manner. Hence animal fcod keeps longer sweet 
when placed in contact with charcoal— hence also vegetable substances 
containing much water, such as potatoes, are more completely preserved 
by the aid of a quantity of charcoal-^and hence the refuse charcoal of the 
sugar refiners is found to deprive night-soil of its disagreeable odour, and 
to convert it into a dry and portable manure. 4°. They exhibit also 
the still more singular property of extracting from water a portion of the 
saline substances tliey may happen to hold in solution, anfi thus allow- 
ing it to escape in a less impure form. The decayed (half carbonized) 
roots of grass, which have been long subjected to irrigation, may act in 
one or all of these ways on the more or less impure water by which 
they are irrigated-^and thus gradually arrest and collect the materials 
which are fitted to promote the growth of the coming crop. 

§ 3. Oxy genets properties and relations to vegetable life. 

Oxygen is a substance with which we are acquainted only in the gas- 
eous or aeriform state.f By the unaided senses it cannot be distin- 
guished from common air, being void of colour, taste and smell. But 
if a lighted taper be plunged into it, the flame is wonderfully increased 
both in size and brilliancy, and the taper burns away with great 
rapidity. 

The eSect of this gas upon animal life is of a similar kind. When 
a living animal is introduced into a large vessel filled with oxygen, the 
rapidity of the circulation is increased, all the vital functions are stimu- 
lated and excited, a state of fever comes on, and after a time the ani- 
mal dies. 

By these two characters, oxygen is distinguished from every other ele- 
mentary body. It exists in the atmosphere to the amount of 21 per cent, 
of its bulk, and in tliis state of air is necessary to the existence of ani- 
mals and of plants, and to the support of combustion on tbe face of the 
globe. It exists also largely in water, every nine pounds of this liquid 
eontaining eight pounds of oxygen. v 

* Thus of ammoniA thej absorb 96 times their own balk, of sulphuretted hydrogen 66 times, 
of oxygen 9 times, of hydrof en nearly twice their bulk, and of aqueous vapour so much at lo 
increase their weiglit from 10 to 20 per cent 

t In this stote it is readily obtained by heaUng in a glass retort the red oxide of mercoiy 
of the shops, or a white salt known by the name of chlorate of potish 
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But the quantity of this substance which is stored up in the solid rocks 
is still more remarkable. W early one-half of the weight of ihe solid 
rocks which compose the crust of our globe, of every solid substance we 
see around us— of the houses in which we live, and of the stones on 
which we tread— of the soil» which you daily cultivate, and much more 
than one-half by weight of the bodies of all living animals and plants^ 
consist of this elementary body oxygen, known to us, as I have already 
said, only in the state of a gas. It may not appear surprising that any 
one elementary substance should have been formed by the Creator iu 
such abundance as to constitute nearly one- half by weight of the entire 
crust of our globe, but it must strike you as remarkable, that this should 
also be the element on the presence of which all animal life depends-— 
and as nothing less than wonderful, that a substance which we know 
only in the state of thin air, should, by some, wonderful mechanism, be 
bound up and imprisoned in such vast stores in the solid mountains of 
the globe, be destined to pervade and refresh all nature in the form of 
water, and to beautify and adorn the earth in the solid parts of animals 
and plants. But all nature is full of similar wonders, and every step 
you advance in the study of the principles of the art by which you livct 
you will not fail to mark the united skill and bounty of the same great 
Contriver. 

Oxygen gas is heavier than common air in the proportion of about 11 
to 10 [its specific gravity by experiment is 1*1026, air being 1] ; it is 
also capable of beings absorbed by water to a certain extent. One hun- 
dred measures of water dissolve 6| of this gas. [De Saussure. Ac- 
cording to Dr. Henry, 100 volumes of water absorb only 34 of oxygen.] 
Rain, spring, and river waters, always contain a portion of oxygen 
which they have derived from the atmosphere, and this oxygen, as they 
trickle through the soil, ministers to the growth and nourishment of plants 
in various ways. Some of these will be explained in a subsequent lecture. 

In an atmosphere of pure oxygen gas, plants refuse to vegetate, and 
speedily perish. 

§ 4. HydTogenr-^ts properties and relatians to vegetable life. 

Hydrogea is also known to us only in the state of gas, and when per 
fectly pure agrees with oxygen and common air in being without colour, 
taste, or smell. It is not known to occur in nature in a free or simple 
state, nor does it exist so abundantly as either carbon or oxygen. It 
forms a small per centage of the weight of all animal and vegetable 
substances, and constitutes one-ninth of the weight of water, but with 
the exception of coal, it does not enter as a constituent into any of the large 
mineral masses that exist in the crust of the globe. 

When a lighted taper is plunged into this gas it is immediately ex- 
tinguished, but if in contact with the air the gas itself takes fire and burns 
with a pale yellow flame. If previously mixed with air or with oxyi^en 
gas, it kindles and burns with a loud explosion. During this combus- 
tion water is formed. [See the Second Lecture.] 

It does not support life, animals cease to breathe when introduced into 
it, and plants gradually wither and die. It is the lightest of all known 
substances, being about 14| times lighter than common air, so that if the 
stopper be removed from a bottle in which it is contained it almost imnae- 
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diately escapes, [its speetfic gravity, by «xperimentt is 0-0687« air ba-^ 
iDg 1.] I< is the element which is employed to give buo^aoey ta 
ballooos ; and by this great levity and its relations to flame it is readily 
distinguished from all other known substances. 

Water absorbs it only in very small quantities, 1()0 gallons taking up 
no more than about 1^ gallons of hydrogen gas. But, as already ob- 
served, this gas does not exist in nature in a free state—is not necessarw 
therefore, to the growth of plants or animals in this state-— and henee its 
insolubility in water is in unison with tbe general adaptation of every 
property of every body, to the health and growth of the highest orders 
itf living beings. 

Hydrogen gas is readily obtained from water by putting into it a few 
pieces of metallic iron or zine, and adding a little solphune acid (oil of 
vitriol). Bubbles of the gas are liberated from the surface of tbe metal, 
ascend through the water, aod may be collected on the surface. 

§ 5. Nitrogenr^is properties, and rda1ion» ta vegetable life. 

Nitrogen is also known to us only in the form of gas. It exists in the 
atmosphere to the amount of 79 per cent, of its bulk. It is wtthoiH 
colour, taste, or smell. Animals and planta die in this gas, and a taper 
is instantly extinguished when introduced into it ; the gas itself under- 
going no change. It is lighter thaa atmospheric air, in the proportioo 
of 97i to 100, [its density is 0*976, air being 1.] It is an essential 
constittteat of the air we breathe, serving to temper the aidour with 
which combustion would proceed and animak Hve in im^iuted oxygen 
gas. It forms a part of very many ammal and of some vegetable sob- 
stances, but it is not known to enter into the composition of any of the 
great mineral masses of which the earth's crust is made up. In coal 
alone, which is of vegetable origin, it has been detected to the amount 
of one or two percent. It is therefore much less, abundant in nature 
than any of tbe other so called organic elementa^and it exlxibits moch 
less decided properties than any of them ; yet we shall faereaAer sea 
that it performs certain most important functions in reference both to the 
growth of plants and to the nourishment of animals. 

One hundred volunnies of water disscdve about H volumes of 1Mb 
gas.* Spring and rain waters absorb it as^hey do caygen, from the at« 
mospberic air, and bear it in solution to the roots, by which it is not un- 
Mkely that it may be conveyed directly into the circuiation of plants. 



Such are the several elementary bodies of which the organic or de* 
atmctible part of vegetable substances is formed. With one exception 
they are known to us only in the form of gases ; and yet out of these 
gases much of the solid parts of animals and of plants are made up. 
When alone, at the ordinary temperature of the atmosphere they form 
invisible kinds of air ; when united, they constitute those various forms 
of vegetable matter which it is the aim and end of the art of culture to 
raise with raiudity, with certainty, and in abundance. How difficult 
to understand the intricate processes by which nature works up tbesa 

* HtoijDs8iU]isiirtssjs,tttstpurt«storalworte4psr60ntof Itsbidkof fhisiiM. 
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raw materials into her many beauriful productioD»-*^et how interest- 
ing it must be to know her ways, bow useful even partially to find them 
out! 



Permit me, in conclusion, to submit to you one reflection. We have 
seen that oxygen, hydrogen, and nitrogen, are all gaseous substances, 
which when pure are destitute of colour, taste, and smell. They can- 
not be distinguished by the aid of our senses. Man in a state of nature 
•^uneducated man— cannot discem th^t they are different. Yet so 
simple an instrument as a lighted taper at opce shows them to be -totally 
unlike each other. This simple 'instrument, therefore, serves us in- 
stead of a new sense, and makes us acquainted, with properties the ex- 
istence of which, without such aid, we should not even have suspected. 
Has the Deity then been unkind to man, or stinted in his benevolence 
in withholding the gifl of such a sense ? Co the contrary, he has given 
us an understanding which when cultivated is better than twenty new 
senses. The chembt in his laboratory is better armed for the investi- 
gation of nature, than if his organs of sense had been many times mul- 
tiplied. He has many instruments, at his command, each of which, 
like the taper, tells him of prooerties which neither his senses nor any 
other of his instruments can discover ; and the further his researches 
are carried, the more willing does nature seem to reveal her secrets -lo 
him, and the more rapidly do his chemical senses increase. Do you 
think that the rewards of study and patient experimental research are 
confined to the laboratory of the chemist, and that the Deity will prove 
less kind to you, whose daiW toil is in the great laboratory of nature ? 
As yet you see but faintly the reason of many of your commonest oper- 
ations, and over the results you have comparatively little controW-hut 
the light is ready to spring up, the means are withm your reach— you 
have only to employ your minds as diligently as you laboor with your 
hands, and ultimate success is sure* 



LECTURE 11. 

Ohanctorlstle properUos of organic lubstancea— Relative preportlons of origanie elements— 
Variable proportions of inorganic elements in plants— Form in which the organic e)e 
menbi are taken up by plants— The atmosphere, its constltalion and relations to vegetablo 
life— Nature and-iaws of chemical combination— Water and its relations to vegetable life 

§ 1. Characteristic properties of organic substances* 

Of the four elementary substances described io the former lecture, tbe 
organic part of all animal and vegetable substances consists. What is 
understood by the term organic has also been explained. 

But organic substances j«oR«>e8s certain characters by which they are 
distinguished from the inorganic or dead matter of the globe, and on 
which their connection with the principle of life, and with the art of 
culture, entirely depends. These characteristic properties are chiefly 
ifae following : 

1°. 'They are all easily decomposed or destrpyed by a moderately 
high tem])erature. If wood or straw be heated ui the air, as over the 
flame of a candle, it becomes charred, bums, and is in a great measure 
dissipated. So sugar and starch darken in colour when heated, black- 
en, and take fire. The same is true of all vegetable substances. But 
limestone, clay, and other earthy or stony matters, undergo no appar- 
ent chan^ in such circumstances— they are not decomposed. 

2*^. When exposed to the air, especially if it be warm and moist, 
vegetable and animal substances pulrify and .decay.* They decom- 
pose of their own accord, and after a time almost entirely disappear. 
Such is not the case with inorganic matters. If the rocks and stones 
crumble, their particles may be washed away by the rains to a lower 
level, but they never putrify or wholly disappear. 

3°. They consist almost entirely of two or more of the four organic 
elements only. Tbe mineral substances we meet with on tbe earth*8 
surface, and collect for our cabinets, often contain portions of many ele- 
mentary bodies; but, with few exceptions, the organic part of all plants, 
that which lives and grows, contains only the four simple substances 
described in my former lecture. 

4°. They are distinguished also by this Important character, that 
they cannot be formed by human art. Many of the inorganic com- 
pounds which occur in the mineral cj^ust of the globe can be produced by 
the chemist in his laboratory, and were any corresponding benefit likely 
to be derived from the expenditure of time and labour, there is reason to 
believe that, with a few exceptions, nature might be imitated in the for- 
mation of any of her mineral productions. But in regard to organic sub- 
stances, whether animal or vegetable, the chemist is perfectly at fault. 
He can form neitlier woody fibre, nor sugar, nor starch, nor muscular 
fibre, nor any of those substances which constitute the chief bulk of ani- 
mals and plants, and which serve for the food of animated beings. 

* Fbr an explanation of the exact nature and end of this putrefaction, see flia nibseqaen 
Lecture, **Onth§ decaif qfommtU and vegetable mtbetanoee." 
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Tbis is as ioriponant and strikiDg, and is, I believe, likely to remain a 
peniianent distlnctioD, between most substances of organic and of inor* 
ganic origin. i 

Looking back at the vast strides which organic chemistry has made 
within the last twenty years, and is still continuing to make, and trust- 
ing to the continued progress of human discovery, some sanguine chem- 
ists venture to anticipate the time when the art of man shall not only 
acquire a dominion over that principle of life, by the ageiKjy of which 
plants now grow and alone produce food for man and beast, but shall be 
able also, in many cases, to imitate or dispense with the operations of thai 
principle : and to predict that the time will come when man shall man- 
ufacture by art those necessaries and luxuries for which he is now wholly 
dependent on the vegetable kingdom. 

And, having conquered the winds and the waves by th0 ageocy 
of steanu is man really destined to gain a victory over the uncertain sea- 
sons too? Shall he come at last to tread the soil beneath his feet as a 
really useless thing— to disregard the genial shower, to despise the influ- 
ence of tlie balmy dew---to be indiflerent alike to rain and drought, to 
cloud and to sunshine— to laugh at the thousand cares of the husband- 
roan — to pity the useless toil and the sleepless anxieties of the ancient 
tillers of the soil ? Is the order of nature, through all past time, to be re- 
versed — are the entire constitution of society, and the habits and pur- 
suits of the whole human race, to be completely altered by tlie pro- 
gress of scientific knowledge ? 

By placing before man to many iooitemeots to ihe pursuit ofknow^ 
ledge, the will of the Deity is ,that out of this increase of wiBdom h^ 
should extract the means of increased happiness and enjoyment also. 
But set man free from the necessity of tilling the earth by the sweat of 
his brow, and ypu take from him at the same time the calm and tran- 
quil pleasures of a country life— the innocent enjoyments of the return- 
ing seasons^the cheerful health and happiness that wait upon labour 
in the free air and beneath the bright sun of heaven. And for what ?— • 
only to imprison him in manufactories, to condemn him to the fretful 
and feverish life of crowded cities. 

To such ends,* I trust, science is not destined to lead ; and he is not 
only unreasonably, but thoughtlessly sanguine, who would hope to de- 
rive from organic chemistry such power over dead matter as to be able 
to fashion it into ibod for living animals. With such consequences be- 
Ibre us it seems almost sinful to wish for it. 

Yet, that this branch of science will lead to great ameliorations in the 
art of cuhure, there is every reason to believe. It will explain old meth- 
ods^it will clear up anomalies, reconcile contradictory resulu by ex- 
plaining the principles from which they flow— and will suggest new metli- 
ods by which better, speedier, or more certain harvests may be reaped. 

§2. RelaHvepropai^ions of organic elements. 
Though the substance of plants consists chiefly of the four organic ele- 
ments, yet these bodies enter into the constitution of vegetables in very 
diflerent proportions. This fact has already been adverted to in a gen- 
eral manner : it will appear more distinctly by the following statement 
of the exact quaatities of each element contained in 1000 parts by 
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weight of some of the more important kinds of vegetable substance you 
are u the habit of cultivating :— 
Hay from 





young Clover 




Clover- After-math 












3mos.oy. 


Oata. 


Seed. 


Hay. 


Peaa. 


Wheat 


Hay. 


Potatoet. 


Carbon . 


507 


507 


494 


471 


465 


455 


458 


441 


Hydrogen 


66 


64 


58 


56 


61 


57 


50 


58 


Oxygen 


389 


367 


350 


349 


401 


431 


387 


439 


Nitrogen 


38 


22 


70 


24 


42 


34 


15 


12 


Ash . . 


. not stated 


40 


28 


100 


31 


23 


90 


50 



1000* lOOOf 1000* lOOOf lOOOt 1000* lOOOf lOOOt 
The numbers in the above table represent the constitution of the 
plants and seeds, taken in the state in which they are given to cattle or 
are laid up for preservation, and then dried at 230° Fahrenheit. By 
this drying they lost severally as follows : 

1000 parts of Potatoes . . lost . . • 722 parts of water 
ditto of Wheat . . — ... 166 ditto 
ditto of Hay ... — ... 158 ditto 
ditto of Aftermath Hay — . 136 to 140 ditto 
ditto of Oats ... — ... 151 ditto 
ditto ofCloverSeed . — . . . 112 ditto 
ditto of Peas . . . — i . . . 86 ditto 
In crops as they are reaped, therefore, and even as they are given for 
food, much water is present. When artificially dried, the carbon ap- 
7)roaches to one-half of their Weight — the oxygen to more than one- 
third§ — ^the hydrogen to little more than 5 per cent.— and the nitrogen 
rarely to more than 2 J per cent. These proportions are variable, but 
they represent very nearly the relative weights in which these elements 
enter into the constitution of those forms of vegetable matter which are 
raised in the greatest quantity for the support of animal life. 

But, besides the organic part, vegetable substances contain an inor- 
ganic portion, which remains behind in the form of ash when the plant is 
consumed by fire, or of dust when it decomposes and disappears in 
consequence of natural decay. 

In the dried hay, oats, &c., of which the composition is represented 
in the above table, we see that the quantity of ash is very variable, in 
oats being as small as 4 per cent., while of hay every hundred pounds 
left 10 of ash. A similar difference is observed generally to prevail 
throughout (he vegetable kingdom. Each variety of plant, when 
burned, leaves a weight of ash, more or less peculiar to itself. Herba- 
ceous plants generally leave more than the wood of trees— and differ- 
ent parts of the same plant yield unhke quantities of inorganic matter. || 

* Bouaaingault Annalea de Chim. et de Pbya. (1838) lxvxi. p. 20 to 38. 

t Ditto ditto a839)LXZi. p. 113tol36. 

X Ditto ditto (1838) lziz. p. 356. 

f This will appear no way inconaifltent with the statement in the former Lectare, that 
oxygen constitutes one- half oy weight of all Zirtn^ planu, wlien it is recollected that of the 
waierdriven off in drying these plants eigiit-nlnihs by weight consist of oxygen, and that 
600 lbs. of grass, for example, yield only from 80 to 100 lbs. of hay. 

I Thus of the oak, the dried bark left 60 of ash— (he dried leaves 53— the dried albamuir 
4— and the dried wood only 2 parts in a thouaandof ash.— i>t Stnumrt, 
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These facts are of great importance in the theory and in the eDligbteoed 
practice of agriculture. They will hereafter come under special and 
detailed consideration, when we shall have examined the nature of the 
soils in which plants grow, and shall be prepared to consider the chemi- 
cal nature, the source, and the function.^, of the inorganic compounds 
which exist in living animal and vegetable substances. 

§ 3. Of the form or state of combination in which the organic elements. 

enter into and ntinister to the growth of plants* 
From the details already presented in the preceding Lecture, in re- 
gard to the properties of carbon and nitrogen, and the circumstances 
under which they are met with in nature,— it will readily occur to yon 
that neither of these elementary bodies is likely to enter directly, or in a 
simple state, into the circulation of plants, 'the former (carbon) being 
a solid substance, and insoluble in water, cannot obtain admission into 
the pores of the roots, the only parts of the plants with which, in nature, 
it can come in contact. The latter (hydrogen) does not occur either in 
the atmosphere or in the soil in any appreciable quantity, and hence, in 
its simple state, forms no part of the food of plants. Oxygen and nitro- 
gen, again, both exist in the atmosphere in the gaseous state, and the 
former is known to be inhaled, under certain conditions, by the leaves 
of plants. Nitrogen may also in like manner be absorbed by the leaves 
of living plants, but, if so, it is in a quantity so small as to have hitherto 
.escaped detection. The two latter substances (oxygen and nitrogen) 
are also slightly soluble in water, and, besides being inhaled by the 
leaves, may occasionally be absorbed in minute quantity along with the 
water taken in by the roots. But by far the largest proportion of these 
two elementary bodies, and the whole of the carbon and hydrogen 
which find their way into the interior of plants, have previously entered 
into a state of mutual combination — forming what are called distinct 
chemical compounds. Before describing the nature and constitution of 
these compounds, it will be proper to explain, 1°. the constitution of the 
atmosphere in which plants live, and, 2^. the nature of chemical com- 
bination and the laws by which it is regulated. 

§ 4. On the constitution of the atmosphere. 
The air we breathe, and in which plants live, is composed principal- 
ly of a mixture of oxygen and nitrogen gases, in the proportion very 
nearly of 21 of the former to 79 of the latter. It contains, however, as 
a constituent necessary to the very existence of vegetable life, a small 
per centage of carbonic acid. On an average this carbonic acid 
amounts to about ^^th part* of the bulk of the air. On the shores 
of the sea, or of great lakes, this quantity diminishes; audit becomes 
sensibly less as we recede from the land. It is also less by day than 
by night (as 3*38 to 4*32), and over a moist than over a dry soil. 

The air is also imbued with moisture. Watery vapour is every 
where difiused through it, but the quantity varies with the season of 
the year, with the climate, with the nature of the locality, with its alti- 

' 0-04 per cent. The mean of 104 experiments made by Saussure at Geneva at all timet 
of the year and of the day (aTe4'15 volumes in lOOUO. The maximum waa 574, and th« 
minimDm 3 16. 
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tude, and wiih its distance from the equator. In temperate climate^ 
it oscillates on the same spot between ^ and 1^ per cent, of the weight 
of the air ; being least in mid- winter and greatest in the hot months of 
summer. Tliere are also mingled with the atmosphere, traces of the 
vast variety of substances which are capable of rising from the surface 
of the earth in the form of vajiour^ such, for example, as are given off 
by decaying animal or vegetable matter— which are the produce of 
disease in either class of bodies-— or which are evolved d urine the oper- 
ations of nature in the inorganic kingdom, or by the artificial processes 
of man' Among these accidental vapqprs are to be included those 
miasmata, which, in certain parts of the world, render whole districta 
unhealthy,— as well as certain compounds of ammonia, which are infer- 
red to ei^tst in the atmosphere, because they can be detected in rain 
water, or in snow which has newly fallen. 

In this constitution of the atmosphere we can discover many beauti- 
ful adaptations to the wants and structure of animals and plants. The 
exciting effect of pure oxygen on the animal economy is diluted by the 
large adinixture with nitrogen ;— the quantity of carbonic acid present 
is sufficient to supply food to the plant, while it is not so great as to 
prove injurious to the animal;— and the watery vapour suffices to 
maintain the requisite moisture and flexibility of the parts of both or- 
ders of beings, without in general being in such a proportion as to prove 
hurtful to either. 

The air also, by its subtlety, diffiises itself everywhere. Into every 
pore of the soil it makes iu way. When there, it yields its oxygen or 
its carbonic acid to the dead vegetable matter or to the living root. A 
shower of rain expels the half-corrupted air^to be succeeded by a purer 
portion as the water retires. The heat of the sun warms the soil, and 
expaqds the imprisoned gases,— these partially escape, and are, as be- 
fore, replaced by other air when the rays of the sun are withdrawn. 

By the action of these and other causes a constant circulation is, to 
a certain exteut, kept up,— between the atmosphere on the surface, 
which plays amonjg the leaves and stems of plants, and the air which 
mingles with the soil and ministers to the roots. The precise effect and 
the importance of this provision will demand our consideration in a fu- 
ture lecture. 

§ 5. The nature and laws of chemical comhinaiion. 
The terms combine and combination in chemical language have a 
strict and precise application. If sand and saw-dust be rubbed togeth- 
er in a mortar they may be intimately intermingled, but by pouring wa- 
tfer on the mass we can separate the particles of wood and leave the 
sand unchanged behind. So if we stir oatmeal and water together, we 
may cause them perfectly to mix together, but by the aid of a gentle 
beat we can expel the water and obtain dry oatmeal in its original 
condition. Or, by putting salt into water, it will dissolve and disappear, 
and form what is called a solution, but by boiling it down, as is done 
in our salt-pans, the water may be entirely removed and the salt 
procured of the weight originally employed and possessed of its original 
properties. 
In none of these cases has any chemical action taken place, or any 
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permanent change been pnxlueed, upon any of the sobstances. The two 
former were merely mixtures. 

In all casei ofdtemical action a pemument ek4inge takes place in tome 
of the substances employed ; and this change is the resalt either of a chem- 
ical combination^ or of a chemical decomposition. 

Thus when sulphur is burned in the air, it is converted into white va* 
pours possessed of a powerful and very unpleasant odour, and which 
continue to be given oflf until the whole of the sulphur is dissipated. 

Here a solid substance is permanently changed into noxious vapours 
which disappear in the air, and this change is caused by ihe combination 
of the sulphur with the oxygen of the atmosphere. 

In like manner when limestone is put into a kiln and strongly heated 
r»r burned, it is changed or converted into quicklime— a substance very 
tliflferent in its properties from the natural limestone employed. But 
.4118 is a case of chemical decofnposUian, The limestone consists of 
lime and carbonic acid. By the heat these are separated, the latter is 
driven oflf and the former remains in the kiln. 

Again, when a jet of hydrogen gas is kindled in the air or in oxygen 
gas, it burns with a pale yellow flame. If a cold vessel be held over 
Uiis flame, it speedily becomes bedewed with mcnsture, and drops of wa« 
ter collect upon it. How remarkable the chanf^e which hydrogen un* 
dergoes during this combustion! It unites with the oxygen of the 
atmosphere and forms water. How diflerent in its properties is this 
water from either the oxygen or the hydrogen by the union of which it is 
formed! The former a liquid, the latter gases; the former an enemy 
to all combustion, while of the latter, (he one (hydrogen) bums readii v, 
the other (oxygen) is the very life and support of combustion in all oth- 
er bodies. 

1^. It appears, therefore, that chemical combination or decomposition 
is always attended by « permanent change. 

2°. That when combination takes place, a new substance is formed 
difiering in its properdes from any of those from which it was produced, 
or of which it consists. 

When two or more elementary bodies thus unite together to form a 
new substance, this new substance is called a dimical compound. 
Thus water is a compound (not a mixture) of thc| two elementary bodies 
oxygen and hydrogen* 

Now when such combination takes place, it is found to do so always 
in accordance with certain fixed laws. Thus : 

I. Bodies unite together only in eomtant and definite proportions. We 
can mix together oxygen and nydrogen gases, for example, tn any pro- 
portion, a gallon of the one with any number of gallons of the other, but 
if we burn two gallons of hydrogen gas in any greater number of gallons 
of oxygen, they will only consume or unite with one gallon of the oxy- 
sen, the rest of this gas remaining unchanged. A Quantity of water will 
be formed by this union, in which the whole of tiie hydrogen will be 
contained, combined with f^U the oxygen that has disappeared. Under 
no circunastances can we bum hydrogen so as to cause it to consume 
Boore oxygen, or fhnn a given weight of hydrogen to produce more than 
A known weieht of water. And as oxygen is nearly sixteen times 
heavier than mtrogen, it is obvious that one gallon of the former is about 
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eight times heavier than two gallons of the latter, so that by weii^ht these 
two gases, when thus burned, unite together nearly in the proponiou 
oflto 8,— one pound of hydrogen forming nine pounds of water. 

Again, when pure carbon is burued in the air, it unites with a fixed 
and constant weight of oxygen to form carbonic acid ; it never unites 
with more, npd it does not form carbonic acid when it unites with less. 

Now this law of fixed and definite proportions is found to hold in re* 
gard to all bodies, and in ail cases of chemical combination. Thus we 
have seen i hat- 
By weight By weight. 

1 of hydrogen combines with 8 of oxygen to form water. 
So 6 of carbon combine ... 8 .... . carbonic oxide, 

and 14 of nitrogen 8 nitrous oxide. 

Hence 1 of hydrogen, 6 of carbon, and 14 of nitrogen unite respec- 
tively with the weight (8) of oxygen. These several numbers, there- 
fore, are said to be eqtdvalent to each other (they are equivalent numbers). 
Or they represent the fixed and definite proportions in which these seve- 
ral substances combine together (they are definite proportionaUi), Some 
chemists consider these numbers to represent the relative weights of the 
atoms or smallest particles of which the several substances are made up, 
and hence not unfcequently speak of them as the atomic weights of these 
substances, or more shortly their atoms. 

For the sake of brevity, it is often useful to represent the simple or 
elementary bodies shortly by the initial letter of their names. Thus 
hydrogen is represented by H, carbon by C, and nitrogen by N, and 
these letters are used to denote not only the substances themselves, but 
that quantity which is recognised as its eipiivolent^ proporHanalt or 
atomic weights Thus : 

Equivalent 
Symbol. or atomic Name. 

weights. 

H denotes 1 by weight, of hydrogen. 

C. . . 6 carbon. 

O . . . 8 oxygen. 

N. . . 14*. . . . ', nitrogen. 
Chemical eomhination is expressed shortly by placing these letters in 
Juxta-position, or sometimes in brackets, with the sign plus (-f ) between 
. tliem. Thus HO or (H -f O) denotes the combination of o&e atom or 
equivalent of hydrogen with one of oxygen, that is, water ; and at the 
same time a weight of water (9), equal to thesun^of the atomic weights 
(I -f 8) of hydrogen and nitrogen. 

A number prefixed or appencled to a symbol, denotes that so maiiy 
equivalents of the substance represented by^he symbol are meant, as 
that number expresses. Thus 2 HO, 3 H O, or 3 (H -f O), mean two 
or three equivalents of water, 3 H, or H3 three equivalents of hydrogen^, 
and 4 C or C4» 2 N or N^, four of carbon and two of nitrogen respec- 
tively. 

II. Not only are the quantities of the substances which unite together 
definite and constant, but the properties or qualities of the substances 
formed are in general equally so. The properties of pure water or o^ 

« More correctly 1, 6 13, 8013, and 14 19. 
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carbonic acid are constant ax)pl invariable under whatever circumstances 
they may be formed, and the elements of which they consist, when they 
combine together in the same proportions, are never known to form any 
other compounds but water and carbonic acid. 

This law, however, though generally, is not universally true. Many 
substances are known which contain the same elements united together 
in the same proportions, and which, nevertheless, possess very diSerent 
properties. Oil of turpentine aud oil of lemons are in this condition. 
They both consist of the same elements, carbon and hydrogen, united 
together in the same proportions, and yet their sensible properties as well 
as their chemical relations* are very dissimilar. 

Cane sugar, starch, and gum, all of them abundant products of the 
vegetable kingdom, consist also of the same elements, carbon, hydro- 
gen, and oxygen, united together in the same proportions, and may even 
be represented by the a&me formula (Cja Hio O,o)tt ^^ yet these 
substances are as unlike to each other in their propenies, as many 
bodies are of which the chemical composition is very different. Tx) 
compounds thus differing in their properties, and yet containing the 
same elements, in the same proportions, chemists have given the name 
of Isomeric bodies. I shall have occasioa to make you more familiar 
wiih some of them hereafter. 

3°. Another important law by which chemical combinations .are 
regulated, is known by tLd name of the law of rmUtiple proportions. 
Some substances are observed to be capable of uniting toge&er in more 
than one proportion. Thus carbou unites with oxygen in several pro- 
portions, forming carbonic oxide, carbonic acid, oxalic acid, &c. Now 
whea such is the case, it is ibund that the quantity (the weight) of each 
substance which enters into the several compounds, if not actually re- 
presented by the equivalent number or atomic weight, is represented by 
some simple multiple of that number. Thus two equivalents of carbon 
unite with 2, 3, or 4 equivalents of oxygen, . to form carbonic oxide, 
oxalic acid, and carbonic acid respectively, — ^wbile one of nitrogen unites 
with 1, 2, 3, 4, or 6 of oxygen to form a series of compounds, of which 
the last (N O5), nitric acid, is the only one I shall have frequent occa- 
sion to speak of in the present lectures. 

This law of multiple proportions, though of great importance in 
chemical theory, X do not further illustrate, as we shall have very Uttle 
occasion to refer to it in the discussion of the several topics which will 
hereafter come before us. 



Ha vine thus briefly explained the nature and laws of chemical corn- 
bination, I proceed to make you acquainted with those chemical com- 
pounds of the organic elements which are known or are supposed to 
minister to the growth of plants. 

The number of compounds which the four organic elements form 
with each other i^ almost endless ; but of this number a very few only 

* Br the chemical relatione of a sabstance are meant the effects which are prodacel 
apon It by contact with other chemical substances. 

t ThlBformula means that starch, gam, and siigar, consist of 12 equivalents of carbon 
nnited to 10 of hydrogen and 10 of oxygen. 
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are known to minister directly to the growth or noariehtnent of plants 
Of these, water, carbonic acid, annnoma, and nitric acid, are the meet 
important ; but it will be neceasary shortly to advert to a few others, of 
the occurrence or production or action of which we may bereafler havii 
occasion to speak. 

§ 6. CfwiUr and it$ rtHoHans to tegetabU life. 

Water ii a compound of €f%ygen and hydrogen in the proportioD, as 
already stated, of 8 of the former to 1 of the latter by weight, or of 1 
volume of oxygen to 2 of hydrogen. 

It is more universally diflused throughout nature than any other 
chemical compound with which we are acquainted, perfixtns most im- 
portant functions in reference to animal and vegetable life, and is en- 
dowed with properties by which it is wouderfolly adapted to the exist- 
ine condition of things. 

We are familiar with this substance in three several states of cohe- 
rion,— in the solid form as ice, in the fluid as water, and in the gaseous 
as steam. • At 32^ F. and at lower temperatures, it continues solid, at 
higher temperaturee it meks and forms a liquid (water), which a 
212^ F. begins to boil and is converted into steam. By this change its 
bulk is increased 1700 times, and it becomes nearly two-fiflhs lighter 
than common air, [common air being 1, steam is 0*62.] It therefore 
readily rises into and diffuses itself through the atmosphere. 

I. There are only one or two circumstances in which water in the solid 
form materially afllects or interferes with the labours of the agriculturist. 

1^. During the firost of a severe winter, the soil contracts and appears 
to shrink in. But the water contained in its pores freezes and expands, 
and the minute crystals of ice thus formed separate the particles of the 
soil from each other. This expansion of the water in dry soils may not 
be equal to the natural contraction of the soil itself, yet still it is suffi- 
cient to cause a considerable separation of the earthy particles through- 
out the whole frozen mass. When a milder temperature returns, and a 
thaw commences, the soil expands and gradually returns to its former 
bulk ; but the outer layers thaw first, and the particles being previously 
separated by the crystals of ice, and now loosened by the thaw, fall on 
Or crumble down, and thus the soil becomes exposed to the mellowing 
action of the atmosphere, which is enabled everywhere to pervade it. 
On heavy clay land this effect of the winter's frost not unfrequently 
proves very beneficial.* * 

2^. In the form of snow it has been ofien supposed to be beneficial to 
winter wheat and other crops. That a heavy fall of snow will shelter 
and protect the soil and crop from the destructive effects of any severe 
CG^ which may follow, there can be no doubt. It forms a light porous 
covering, by which the escape of beat from the soil is almost entirely 
prevented. It defends the young shoots also from those alternations of 
temperature to which the periodical return of the san*s rays continually 

* This alteniite eootnetioa ud ezpMuioii it often injorloiu lo the pimetieel fanner in 
tkntmng out hie winter wheat. Some varieUee are aaid to be more thrown oot Uian oUien, 
and tliis pecaliarity is sometimes ascril)ed to the longer and stronger roots which shoot fraaa 
one yarietT than irom another; it may, however, be oceasionaUy owhig (p the different na> 
fare df uie aeOs In which the trials have been made, or when, in the sam# soil, to ttie difSn^ 
sue siBtee of drjneas at different Uaaea. 



ACTION AND PROPERTIES OP SNOW. 37 

exposes them ;• and when a thaw arrives, by slowly melting, it allows 
the tender herbage gradually to accustom itself to the milder atmosphere. 

In this manner there is no doubt that a fall. of snow may often be of 

great service to the practical farmer. But some believe that winter 

wheat a.ctMa\\y thrives under snow. On this point I cannot speak from 

personal knowledge, but I will here mention two facts concerning snow, 

. which may possibly be connected with its supposed nourishing quality. 

In the djst place, snow generally contains a certain quantity of ammo- 
nia, or of animal matter which gives off ammonia during its deca^. 
This quantity is variable, and is occasionally so small as to he vezy dif- 
ficult of detection. Liebig found it in the snow of ^e neighbourhood of 
Giessen, and I have this winter detected traces of it in the snow which 
fell in Durham t during two separate storms. This ammonia is present 
in greater quantity in the first portions that fall and lie nearest the plant. 
Hence if the plant can grow beneath the snow, this ammonia may afiect 
i(s growth ; or when the first thaw comes it may descend to the root, and 
may there be imbibed. Rain water also contains ammonia, but when 
rain falls in large quantity it runs oflT the land, and may do less good than 
the snow, which lies and melts gradually. [For the properties of am- 
monia, see Lecture III^] 

AncKiher singular property of snow is the power it possesses of ab- 
sorbing oxygen and nitrogen from the atmosphere} in proportions very 
difierent from those in which they exist in the air. The atmosphere, as 
already stated, contains 21 per cent, of oxygen by volume (or bulk), but 
the air which is present in the pores of snow has been found by various 
observers to contain a much smaller quantity. Boussingault [Annalen 
der Pbysick (Poggendorf), xxxiv., p. 211,] obtained from air disengaged 
by melting snow 17 per cent, of oxygen only, and De Saussure found 
still less. The difficulty of respiration experienced on very high moun- 
tains has been attributed to the nature of the air liberated from snow 
when melted by the sun*s rays. Whether the air retained among the 
pores of the snow, which in severe winters covers our corn-fields, be 
equally deficient in oxygen with that examined by Boussingault, and 
whether, if it be, the abundance of nitrogen can at all affect vegetation, 
are matters that still remain undetermined. 

II. In the fluid state, that of water, tbe aeency of tljis compound in 
reference to vegetable life, though occasiOnmly obscure, is yet every- 
where discernible. 

Pure water is a colourless transparent fluid, destitute of either taste or 

* The effects of such afternations are seen od the ocenrrenee of a Dight'i frost io spitDf. 
If the 8un*8 rays fall ia the early momhig. on a frozen shoot, it droojps, withen, antl Ufeck' 
en«~it is destroyed by the frost. If the plant be in a shaded spot, where the son does not 
reach it tUl after the whole atmosphere has been gradually heated, and the finosen tissue 
slowly tliawed, ite leaves sustain little injury, and the warmth of the sun's rays, instead of 
injuring, cherish and invigorate it This effect of sudden allemations of temperature on or> 
ganic matter explains many phenomena, to which it would here be out of place to advert. 

A thiclc light covering of porous earth not beaten down preserves the potatoe pit from the 
effects of the frost better than a solid compact coating of clay, in the same wav as snow 
protects the herbage better than a sheet of ice ; an4 it is because of the^ porosity of the 
covering, that ice mav be preserved more effectually, and for ft longer period, in a similar 
pit, than in many well-constructed icehouses. 

t By adding two drops of sulphuric acid to four pints of snow w»ter, evaporating to dry- 
itMS, and mixing the dry mass with quiclclime or caustic.potash- The residual mass con- 
ti^oeff a brown organic i^ti«r, mixed with the sulphate of ammonia. 
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•mell. It eaters largely into the constitution of all living animals and 
plants, and forms upwards of one half of the weight of all the newly 
gathered vegetable substances we are in the habit of cultivating or col- 
lecting for the use of man. [See page 30.] 

Not only does it enter thus largely into the coDStitution of all ani- 
mals and plants, but in the existing economy of nature its presence in 
large quantities is absolutely necessary to the persistence of animal and 
vegetaole Ufe, In the midst of abundant springs and showers, plants 
shoot forth with an amazing rapidity, while they wither, droop, and die, 
when watec*i8 withheld. How much the manifestation of life is de-^ 
pendent upon its presence, is beautifully illustrated by some of the hum- 
bler tribes of plants. Certain mosses can be kept long in the herbariurn, 
and yet will revive again when the dried specimens are immersed in. 
water. Ax AlaniUa a species of Lycopodium grows upon the rocks^ 
which, though kept for years in a dried state, revives and expands ita 
foliage w^hen placed in water [the Spaniards call it Triste de Corazon*, 
Sorrow of the HearU^Burnet's Wanderings, p. 72.] Thus lifelingersr 
as it were, unwilling to depart and rejoicing to display itself again, wheik 
the moisture returns.* 

There are, however, three special properties of water, which are ii» 
a high degree interesting and important to- the practical agriculturist, 
and to which I beg to direct your particular attention. These are : 

1°. Its solvent power; 

2^. Its affinity for certain solid substances ; and« 

3^. The degree of affinity by which its own elements are held to- 
gether. 

I*'. When pure boiled water is exposed to the air;, it gradually ab- 
sorbs a quantity of the several gases of which the atmosphere is com- 
posed, and acquires more or less of a sparkling appearance and an agree- 
able taste. The air which it thus absorbs amounts to about ^h of ila 
own bulk, and is entirely expelled by boiling. When thus expelled,, 
this air, like that obtained from snow, is found on examination to contain 
the oxygen, nitrogen, and carbonic acid in proportions very different from 
those m which they exist in the atmosphere. In the latter, oxygen i% 
present to the amount of only 21 per cent, by volume, while the air ab- 
sorbed by water contains 30 to 32 per cent, of the same gas. In like 
manner, the mean quantity of carbonic acid in the air does not eiceed 
pj^^th parts (0*05 per cent.) of its bulk, while that expelled ftxnn water*, 
which .has been long exposed ta the air, varies from 11 to 60 tan thou- 
sand parts (0*1 1 to 0-6t per cent.) 

* - lo ttWM apaeiM of uniiniila, liCe is in like nrnimer suspended bj th# atwenee of water. 
Tbt iD)wbttant»of some land and even soarine shells may be dried and preaenred fdr a lonff 
time in a state of torpor, sod afterwards revived by immersion in wiater. The Oerithium 
Armalam has been brooglit from the Mauritins in a dry state, while snails are said to have 
been revived after being dried for 16 years. The vibno triiiei (a species of worm), was re- 
stored byMr. Bauer, after on apparent death of nearly six years, by- merely soaking it in 
water. The Furcmana Afutatohea^ a small nieroscofiie animal, may be made to under^go 
apparent death and reauseitiition many times, by aUernate drying and moistening. Accord' 
in|i to Bpallanzani, animaleull have been recovered by moisture, after a torpor of 87 years. 
These tacts tend to lessen oor surprise at the alleged longevity of the seeds of plants. 

t Of these gases when unmixed, water absorbs very different quantities. Thus 100 vo- 
lumen of water at 60<> F., ataaorb3*5& of oxygen, i-63 of hyOrogen, 1-47 of nitrogen, (£bnry,> 
lOfinf caitoooieacidjorTSOQof r ^' 
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Thus when water falls in rain or trickles along the surface of tJie 
land, it absorbs these gaseous substances, carries them with it wherever 
it goes, conveys them to the roots, and into the cireolation of plants* and 
thus, as we shall hereafter see, makes them all minister to the growth 
and nourishment of living vegetables. " 

Again, water possesses the power of dissolving many solid substances. 
If sugar or salt be mixed with water in certain quantities, they 
speedily disappear. In like manner, many other bodies, both simple 
and compound, are taken Op by this liquid in greater oc less quan- 
tity, and can only be recovered by driving off the water, through the aid 
of heat. 

Thus it happens that the water c^ our springs and rivers is never 
pure, but holds in solution more or less of certain solid sobstances^ 
£ven rain water, washing and purifying the atmosphere as U descends* 
brings down pottions of solid matter which had previously r»en into the 
air in the ioxm of vapour, and as it afterwards ilows along or sinks, into 
the surface of the soil, it meets with and dissolves other stSid substances, 
the greater portion of which it carries with it wherever it enters.- In 
this way solid substances are conveyed to the roots of plants in a fluid 
form, which enables them to ascend with the sap ; and the supply of 
these naturally solid substances is constantly renewed, by the snoces- 
sive passage of new portions of flowing water. We shall hereafVer be^ 
able to see more clearly and to appreciate more justly thi» beautifiil ar- 
rangement of nature, as well as to understand how iudispensablie it is to 
the continued fertility of the soil. 

Nor is it merely earthy and saline substances which the water dis- 
solves, as it thus percokites through the soil. It takes up also* sub* 
stances of organic origin, especially portions of decayed animal and v«- 

Setable^ matter,— such as are supposed to be capable of mioiistering to 
le growth of plants,-»end brings them within reach of the roots. 
This solvent }X)wer of water over solid substances is increased by an 
elevation of temperature. Warm water, for example, wHl dissc^ye- 
Epsom salts or oxalic acid in much larger quantity than cold water 
will, and the same is true of nearly all solid substances which this fluid 
is capable of holding in solution. To this increased solvent power of . 
the water they absorb, is ascribed, among other causes, the peculiar 
character of the vegetable productions, as well as- their, extraordinary 
luxuriance, in many tropieal countries. 

2^. But the affinity which water exhibits for many solid substaaoea w 
little less important and remarkable. 

, When newly burned lime is thrown into a limited quantity of w«ter 
the latter is absorbed, while the lime heats, cracks, swells, and finally 
falls to a white powder. When thus perfectly slaked, it is found to* bo 
one-third heavier than before— every three tons having absorbed one- 
ton of water. This water is retained in a solid form, more solid than 
water is when in the state of ice, and it cannot be entirely sepstated 
from the lime without the application of a red heat. When you lay 
upon your land, therefore, four tons of slaked lime, you- mir with your 
soil OM ton of water, which the lime afterwards gradually gives up, 
either in whole or in part, as it combines with other subsmnces^. To 
.tMs (hct wo sliall return when we hereafter consider the variotta ways. 



40* uses OF WATCRT VAPOUR IN VXOXTATION. 

in wbieh lime act«, when it is employed by the fanner for the purpose 
of improving his land. [See the subsequent lecture, '* On Oie action of 
Ume token employed as a numure.^*] 

For clay also, water has a considerable afRnity, though by no means 
equal to that which it displays for quicklime. Hence, even in well- 
drained clay lands, the hottest summer does not entirely rob the clay of 
its water. It cracks, contracts, and becomes hard, yet still retains 
water enough to keep its wheat crops green and flourishing, when the 
herbage on lighter soils is drooping or burned up. 

A similar affinity for water is one source of the advantages which are 
known to follow from the admixture of a certain amount of vegetable 
matter with the soil ; though, as in the case of charcoal, its porosity* 
is probably mora influential in retaining mcnsture near the roots of 
the plants, f 

3°. The degree of affinity by which the elements of Vater are held 
together, exercises a material influence on the growth and production 
of all vegetable substances. 

If I bura a jet of hydrogen gas in the air, water is formed by the 
union of the hydrogen with the oxygen of the atmosphere, for which it 
manifests on many occasions an apparently powerful affinity. But if 
into a vessel of water I put a piece of iron or zinc and then add sulphuric 
acid, the water is decomposed and tbe hydrogen set free, while the 
metal combines with the oxygen. 

So in the interior of plants and animals, water undergoes continual 
if«com position and r^composition. In its fluid state, it finds its way 
and exists in every vessel and in every tissue. And so slight, it would 
appear, in such situations, is the hold which its elements have upon 
each other— or so strong their tendency to combine with other substan- 
ces, that they are ready to separate from each other at every impulse- 
yielding now oxygen to one, and now hydrogen to another, as the pro- 
duetion of the several compounds which each organ is destined to elab- 
orate respectively demands. Yet with the same readiness do tliey. 
again re-attach themselves and cling together, when new metamorphoses 
require it. It is in tbe form of water, indeed, that nature introduces 
tbe greater portion of the oxygen and hydrogen which perform so im- 
portant a part in the numerous and diversified changes which take place 
in the interior of plants and animals. Few things are really more won- 
derful in chemical physiology, than the vast variety of transmutations 
which are continually going on, through the agency of the elements of 
water. 

III. In the state of vapour water ministers most materially to the 
life and growth of plants. It not only rises into the air at 212° Fahr. 
when it begins to boil, but it disappears or evaporates from open vessels 
at almost every temperature, with a rapidity proportioned to the previ- 
ous dryness of tbe air, and to the velocity and temperature of the at- 
mospheric clirrents which pass over it. Even ice and snow are grad- 

* 4ffh%iiif for water eaates vegetable matter to eomblne ehemlcany wKh ityporon/y caiisea 
it merely to drink in the water mechanically, and to retain tt, unchangedj in tta pores. 

t For an ezpoaltion of tbe inUmate relaUon of water to the chemical eonstitntion of the 
■olid parti of livinic vecetablea, see a tobtequent Lecture, "* On Me natun and firoduetium 
^ tk* tui§umem ^ ymtk ptant9 thi^y coiuigtV 
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ually dissipated in the coldest weather, and sometinies with a degree 
of velocity which at first sight seems truly surprising.* 

It thus happens that the atmosphere is constantly impregnated with 
.watery vapour, which in this gaseous state accompanies the air where- 
ever it penetrates^ permeates the soil, pervades the leaves and pores of 
plants, and gains admission to the lungs and general vascular system of 
animals. We cannot appreciate the influence which, in this highly 
comminuted form, water exercises over the general economy of organic 
nature. 

Bui it is chiefly when it assumes the form of rain and dew, and re- 
descends to the earth, that the benefits arising from a previous conversion 
of the water into vapour become distinctly appreciable. The quantity 
of vapour which the air is capable of holding in suspension is dependr 
eot upon its temperature. At high temperatures, in warm climates, or 
in warm weather, it can sustain more— at low temperatures less* 
Hence when a current of comparatively warm air loaded with moisture 
ascends to or comes in contact with a cold mountain top, it is cooled 
down, is rendered incapable of holding the whole of the vapour in sus- 
pen^n, and therefore leaves behind in the form of a mist or cloud, a 
portion of its watery burden. In rills subsequently, or springs, the 
aqueous particles which float iu the midst, re-appear on the plains be- 
:Death, bringing nourishmentf at once, and agreateful relief to the thirsty 
soil. 

$o when two currents of air charged with moisture, but of unequal 
temperature, meet iu the atmosphere, they mix, and the mixture has 
the mean temperature of the two currents. But air of this mean tem- 
perature is incapable of holding in suspeusion the mean quantity of wa- 
tery vapour ; hence, as before, a cloud is formed, and the excess of 
moisture falls to the earth in the form of rain. In descending to refresh 
the earth, this rain discharges in its progress another office. It washes 
the air as it passes through it, dissolving and carrying those accidental 
vapours which, though unwholesome to man, are yet fitted to minister 
to the growth of plants. . . ^- 

The dew, celebrated through all times and in every tongue for its sweet 
influence, presents the most beautiful and striking illustration of the agen- 
cy of water in the economy of nature, and exhibiu one of those wise and 
bountiful adaptations, by which the whole system of things, animate and 
inanimate, is fitted and bound together. 

All bodies on the surface of the earth radiate, or throw out rays 
of heat, in straight lines— every warmer body to every colder ; and the 
entire surface is itself continually sending rays upwards through the 
clear air into free space. Thus on the eanh*s surface all bodies strive, 
as it were, afler an equal temperature (an equilibrium of heat), while 

* Mr. Howard Katea that a circular patch of snow 5 inchea in diameter loat in the month 
of Jaoaaiir 160 grdna of vapour between aunaet and aunrise, and 66 ffralDa more t>efore the 
eloae of the day, when expoaed to a amart breeee oo a hoa8e>top. From an acre of snow 
thia would t>e equal to iOOd gallona of water during the night only.— Piroul' a BrUgtmUtr 
TVeor/MfP. 902; Bneydopttd. Msinpol., art. MeUoroiogy. 
In Von w'rangell'a account of hia viait to Siberia and the Polar aea, tranalated bj Major 
ibiM (p. 390), it ia atated that, in the intenae cold, not only living bodiea— but the veiy 



gm^—M/iokea and fills the air with vapour. 

f For the nature of this nouri»hment aee the subseqaent Lectorea, *^Onthi inmgame eon- 
ttUimtf of fUmtt.'* 
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tiM suifaee fls a wbde tends gradually towards a cooler «fate. Bat 
while the sua shines Uiis cooUnff will not take place, for the earth dien 
receives in general more heat than it gives off^ and if the ciear sky be 
^hut out by a canopy of clouds, these will arrest abd again throw back 
a portion m the heat, and prevent it from being so speedily dissipated. 
At night, then, when the sun is absent, the earth wUl cool the most ; on 
clear nights also more than when it is cloudy, and when cloods only 
paniaHy obscure the sky, ^hose parts will become coolest which look to- 
wards the clearest portions of the heavens. 

Now when the surface cools, the air in contact with ir must cool also ; 
and like the warm currents on the mountain side, must forsake a portioa 
of the watery vapour it has hitheito retained. This water, like the float- 
ing mist on the hills, descends in particles almost infinitely minote. 
'These particles collect on every leaflet, and suspend themselves from 
every blade of grass, in drops of " pearly dew." 

And mark here a beautiful adaptation. Difierent substances are en- 
«dowed with the property of radiating tneir heat, and of thus becoming 
^eeoi with different degrees of rapidity, and those substances which in 
the air become cool first, also attract first and most abundantly the par- 
ticles of falling dew. Thus in the cool of a summer's evening the grass 
-plot is wet, while the gravel walk is dry ; and the thirsty pasture and ev- 
ery green leaf are drinlting in the descending moisture, while the naked 
land and the barren highway are still unconscious of its fall. 

How beautiful is the contrivance by which water is thus evaporated or 
distilled as it were into the atthosphere^largely perhaps from some par- 
ticular spots,— then diflfused equably through the wide and restless air,— - 
irnd afterwards precipitated again in refreshing showers or in long-mys- 
terious dews!* But how mudi more beautiful the contrivance, I might 
almost say the instinctive tendency, by which the dew selects the objects 
on which it delights to fall ; descending first on every living plant, copi- 
•ously ministenng to the wants of each, and expending ks superfluity 
only on the unproductive waste. 

And equally kind and bountiful, yet proxddent, is nature in all her 
operations, and through all her works. Neither skill nor materials are 
ever wasted *, and yet she ungrudgingly dispenses her favours, apparent- 
ly without measure,— -and has subjected dead matter to laws which 
compel it to minister, and yet with a most ready willingness, to the 
wants and comforts of every living thing. 

And how unceasingly does she press this her example not only of un- 
bounded goodness, but of universal charity— above all other men— on 
the attention of the tiller of the soil. Does the corn spring mom 
freshly when scattered by a Protestant hand — ^are the harvests more 
abundant on a Catholic soil,— and does not the sun shine alike, end tbe 
dew descend* on the domains of each political party ? 

' Theftitautf arthii arraBfement aMesra more wtrMng when we eontider Chat the whole 
9ftbe wettrj vsfoaria tbe eir, if it leU etonce in tbe rorm of rain, would mot amouot to 
more than 6 inches in depth on the whole aurfaee of the jdobe. In England the faU of nia 
- «Ml«8 iron iU ioGhea (London, York, and EdtebiniKh) to 68 (Keawielc), while In some fewpiurts 
.of the world <At. Dominio>it amoonts to as much as 160iaehes. Tbe mean fiiU^f ndii 
over the whole earth i$ estimated at 32 or 33 inches ; but if we suppose It to be only ID or 16 
inches, the water which thus (alls will require to be two or three times re-distilled in the course 
of every year. This Is exclusive of dew^ which in many countries unounts to • y«a 
Jaxf e quanUty.— See Ptwa'9 Bridgwater Treatif^ p. 309. 
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So wieace, from httr daily ^ooveree with nature, fark not Moner or 
later to take her hue and colour from che perception of this ooivenal 
love and bounty. Party and sectarian differences dwindle away and 
•disappear from the eyes of him who is daily occu(>ied in the contempla- 
tion of the boundless munificence of the great Impartial; he sees him- 
self standing in one common relation to all his lellow-men, and feels 
himself to be most completely performing bis part in life, when lie is 
able in any way or in any measure to contribute to the general welfare 
ofalL 

It is in this sense too that science, humbly tracing the footsteps of the 
Deity in all his works, and from them dedticing his intelligence and his 
universal goodness-— it is in this sense, that science is of no sect, and of 
no party, but is equally the province, and the property, and ihe friend of all. 

1 7. Of the cold produced -by the evaporation off/oater^ and Um 
influence on vegetadott. 

Beautiful, however, and heoefioent as are the provisions by which, in 
nature, watery vapour is made to serve so many useful purposes, there 
■are circumstances in which, and -oAen ihrough the neglect of man, the 
presence of water becomes injurious to vegetation. 

The ascent of water, in the form of vapour, permits the soil to dry, 
and fits it for the labours of the husbandman ; while its descent in dew 
Tefreshes the plant, exhausted by the heat and excitement of a lotig 
•aumine'''* day. But the same tendency to ascend in vapour, gives rise 
to the cold unproductive character of lands in which water is present in 
great excess. This character you are familiar with in what are called 
cold clay soils. 

The epithet cold, applied to such soils, though derived probably from 
no theoretical views, yet expresses very truly their actual condition. 
The surface of the fields in localities where such lands exist, is in reality 
less warm, throughout the year, than that of fields of a diSerent quality, 
even in their immediate neighbourhood. This is readily proved, by 
placing the bulb of a thermometer immediately beneath the soil in two 
euch fields, when in the hottest day a marked difierence of temperature 
will, in general, be perceptible. The difference is dependent upon the 
following principle : — 

When an open pan of water is placed upon the fire, it continues to 
acquire heat till it reaches the temperature of 212^ F. It then begins to 
boil, but ceaoet to become hotter. Steam, however, passes ofi^ and the 
water diminishes in quantity. But while the vessel remains upon the 
£re the water continues to receive heat from the burning fuel as it did 
before it began to boil. But since, as already stated, it becomes no hot- 
ter, the heat received from the fire must be carried off by the steam. 

Now this is universally true. Whenever water is converted into 
Mteam, the ascending vapour carries off much heat along unlhit. 

This heat is not missed, or its loss perceived, when the vapour or 
steam b formed over a fire ; but let water evaporate in the open air 
from a stone, a leaf, or a field, and it must take heat with it from these 
objects — and tlie surface of the stone, the leaf, or the field, must become 
colder. That stone or leaf also must become coldest from which the 
largest quantity of vapour rises. 
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Now, let two adjoioiog fields be wet or moist in diflfereot degrees, that 
which U wettest will almost at all limes give off the largest qBandty of 
vapour, and will therefore be the coldest. Let spring arrive, and the 
genial sun will gently warm the earth on the surface of the one, while 
the water in the other will swallow up the heating rays, and cause them 
te re«ascend in the watery vapour, v Let summer come, and while the 
soil of the one field rises at mid-day to perhaps 100° F. or upwards, that 
of the other may, in ordinary seasons, rarely reach 80° or 90°--in wet 
seasons may not even attam to this temperature, and only in long 
droughts will derive the full benefit of the solar rays. I shall hereafter 
more particularly advert to the important influence which a high tempe* 
rature in the soil exercises over the growth of plants, the functions of 
their several parts, and their power of ripening seeds*— as well as to 
certain beautiful adaptations by which nature, when left to herself, is 
continually imparting to the soil, especially in northern latitudes, those 
qualities which fit it for de/iVing the greatest possible benefit from th» 
presence of the sun*s rays. In the mean time you are willing to con- 
cede that warmth in the soil is favourable to the success of your agricul- 
tural pursuits. What, then, is the cause of the coldness and poverty* 
the fickleness and uncertainty of produce, in land of the kind now al- 
luded to ] It is the presence of too much water. What is the remedy ? 
A removal of the excess of water. And how ? By effectual drainage. 

There are other benefits to the land, which fallow from this removal 
of the excess of water by draining, of which it would here be Out of 
place to treat ; but a knowledge of the above principle shows you that 
the first effect upon the soil is the same as if you were to place it in a 
warmer climate, and under a milder sky — where it could bring to ma- 
turity other fruits, and yield more certain crops. 

The application of this merely rudimentary knowledge will enable 
you to remove from many improvable spots the stigma of being 'pwr and 
edd ; an appellation hitherto applied to them,— not because they are by 
nature unproductive, but because ignorance, or indolence, or indinerence, 
has hitherto prevented their natural capabilities from being either ap- 
preciated or made available. 



Koie.^ln refereoce to the gupposed fertiUzinc effect of •now, adverted to in the ebore 
lecture,! may mention a fact obeerved by He7er,and quoted by Liebig, (p. 125), that willow 
branches immersed in snow water put forth roots three or four times longer than when pot 
into pure distilled water, and that the latter remained clear wiUle the anow water became 
coloured. This shows that anow contains something not present in disliUed water, which 
is capable of accelerating the growth of plants. The experiment would have been more 
iodtructive in regard to natural operatioas, had the effect of the snow water been coofco 
pared with that of an equal bulk oi rain water, collected under similar circamatanoes* 



LECTURE III. 

GirboBie aiid oaalie adds, their pvopflillet aad MtatfoM to VH«lible life— CailMiiie ASldt 
ftnd light earburetted hydrogen, their propenies and prodaistieB ia oatuM-UUdmoviAi !(• 
properties and relations to vegetable life. 

§ 1. Carbonic acid, iU preperHes and rdaHons to vegeUdtle life. 

Whew charcoal is burned in the air it combines slowly with oxygen, 
and is transformed into carbonic acid gas. In oxysen gas it bums more 
rapidly and vividly, producing the same compound. 

This gas is colourless, like oxygen, hydrogen, and nitrogen, but is 
readily distinguished from all these, by its acid taste and smell, by its solu- 
bility m water, by its great density, and by its reddening vegetable blues. 
Water at 60 F. and under the ordinary pressure of the atmosphere, dis- 
solves rather more than hs own bulk of this ^as (100 dissolve 106), and, 
however the pressure may be increased, it still dissolves the same bulk. 

All gases diminish in bulk uniformly as the pressure to which they 
are subjected is increased. Thus under a pressure of two atmospheres 
they are reduced to one-half their bulk, of three atmospheres to one- 
third, and so on. When water, therefore, is saturated with carbonic 
acid under great pressure, as in the manufacture of soda water, though 
it slill dissolves only its own bulk, yet it retains a weight of the gas 
which is proportioned to the pressure applied. For the same reasoA 
also, when the pressure is removed, as in drawing the cork from a bot- 
tle of water so impregnated, the gas expands and escapes, causing a 
lively effervescence, and the water retains only its own bulk at the ex- 
isting pressure. This solution in water has a slightly sour taste, and 
reddens vegetable blues. These properties it owes to the presence of 
the gas, which is therefore what chemists call an acid body, and hence its 
name of carbonic acid. [Acids have generally a sour taste, redden 
vegetable blues, or combine with bases^ such as lime, soda, pptash, &c., 
to form salts.] 

This gas is one-half heavier than atmospheric air, its density beii^ 
1*624, and hence it may be poured through the air from one vessel to 
anotlier. Hence also, when it is evolved from crevices in the earth, in 
^aves, in wells, or in the soil, this gas diffuses itself through the atmos- 
phere and ascends into the air, much more slowly than the elementary 
gases described in the previous lecture. Where it issues from the earth 
in large quantity, as in many volcanic districts, it flows along the surface 
like water, enters into and fills up cracks and hollows, and sometimes 
reaches to a considerable distance from its source, before it is lost among 
the still air. 

Burning bodies are extinguished in carbonic acid, and living beings, 
plunged into it, instantly cease to breathe. Mixed with one-ninth of its 
bulk of this gas the atmospheric air is rendered unfit for respiration. It 
is, however, the principal food of plants, being absorbed by their leaves 
knd roots in large quantity. Hence the presence of carbonic acid in the 
atmosphere is necessary to the growth of plants, and they have been ob- 
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Served to Uirive better when the quantity of this gas in the air 10 con* 
eiderably augmented. Common air, as has been already stated, does 
not contain more on an average than^^^f^th of its bulk of carbonic acid, 
but De Saussure found that plants in the sunshine grew better when it 
was increased to yVth cff the bulk oi tlie air, but beyond this quantity 
they were injured by its presence, even when exposed to the sun. 
Wnen the carbonic acid amounted to one- half, the plants died in seven 
days ; when it reached two-thirds of the bulk of the air, they ceased to 
grow altogether. In the shade any increase i)f carbonic acid beyond 
that which naturally exists in the atmosphere of our globe, was found 
to be injurious. 

These' circumstances it is of importance to remember. Did the sun 
always shine on every part of the earth's surface, the quantity of carbo- 
nic acid in the atmosphere might probably have been increased with ad- 
yantage to vegetation. But every such increase would have rendered 
the air less fit for the respiration of existing races of animals. Thus 
we see that not only the nature of living beings, both plants and an!-- 
mals, but also the periodical absence of the sun^s rays, have been taken 
into account in the present arrangement of things. 

In perpetual sunshine plants would flourish more luxuriantly in air 
containing more carbonic acid, but they would droop and die in the 
shade. This is one of those proofs of unity of design which occasion- 
ally force themselves upon our attention in every department of nature, 
and compel us to recognise the regulating superintendence of one mind* 
The same hand which mingled the ingredients of the atmosphere, also 
set the sun to rule the day on^Vt'^tempering the amount of carbonic 
acid to the time of his periodical presence, as well as to the nature of 
animal and vegetable life. 

Carbonic acid consists of one equivalent of carbon and two of oxygen, 
and is represented by COj- It unites with bases (potash, soda, lime, 
&c.), and forms compounds known by the name of carbonate. Thus 
pearlash is an impure carbonates of potash^ — ^the common soda of the 
shops, cwbonate of soda, — and limestone or chalk, carbonates of lime. 
From these compounds it may be readily disengaged by pouring upon 
them diluted muriatic or sulphuric acids. From limestone it is also 
readily expelled by heat, as in the common limo'-kilns. During this 
process the limestone loses nearly 44 per cent, of its weight, [43*7 when 
pure and diy,] a loss which represents the quantity of carbonic acid dri- 
ven off. [Hence by burning limestone on the spot where it is quarried^ 
nearly one-half of the cost of transport is saved,] 

Common carbonate of lime, in its various forms of chalk, hard lime- 
stone, or marble, is nearly insoluble in water, but it dissolves readily in 
water containing carbonic acid. Thus, if a current of this gas be pass- 
ed through lime-water, the liquid speedily becomes milky from the 
formation and precipitation of carbonate of lime, but after a short time 
the cloudiness disappears, and the whole of the lime is re-dissolved. 
The application of heat to this clear solution expels the excess of car- 
bonic acid, and causes the carbonate of lime again to fall. 

By exposure to the air, we have already seen that water always ab- 
sorbs a quantity of carbonic acid from the atmosphere. As it after- 
wards trickles through the rocks or through soil containing lime, it grad- 
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.pally dissolves a ponion of this earth, equivalent to the quantity of gaa 
it holds in aolution, and thus reaches the surface impregnated with cal- 
careous matter. Or it carries it in its progress below the surface to the 
roots of plants, where its earthy contents are made available, either di- 
rectly or indirectly, to the promotion of vegetable growth. To the lime 
thus held in solution, spring and other waters generally owe their hard' 
nes8, and it is the expulsion of the carbonic acid, by heat, that causes 
the deposition of the sediment so often observed when such waters are 
boiled. 

I propose hereaAer to devote an entire lecture to the consideration of 
the action of lime upon land, as it is employed for agricultural pur- 
poses, but I may here remark, that this solvent action of the carbonic 
acid in rain water is one of the principal agents in removing the lime 
from your soils, and in rendering a fresh application necessary after a 
certain lapse of time. It is the cause also of that deposit of calcareous 
matter at the mouths of drains which you not unfrequently see in lo- 
calities where lime is laid abundantly upon the land. The greater the 
quantity of rain, therefore, which falls in a district, the less permanent 
will be the effects of liming the land— the sooner will it be robbed of 
this important element of a fertile soil. Still carbonic acid is only one 
of several agents which act almost unceasingly in thus removing the 
lime from the land, a fact I shall hereafter have occasion more fully to 
explain. 

In nature, carbonic acid is produced under a great variety of circum- 
stances. It is given off from the lungs of all animals during respira- 
tion. It is formed during the progress of fermentation. Fermented li- - 
quprs owe their sparkling qualities to the presence of this gas. Dur- 
ing the decay of animal and vegetable substances in the air, in com- 
post heaps, or in the soil, it is evolved in great abundance. In certain 
volcanic countries it issues in large quantity from springs and from 
cracks and fissures in the surface of the earth; while the vast amount 
of carbon contained in the wood and coal daily consumed by burning, 
is carried up into the atmosphere, chiefly in the form of carbonic acid. 
We shall hereafler consider the relation which exists between these 
several sources of supply and the proportion of carbonic acid per- 
manently present ui the air and so necessary to the support of vegetable 
life. 

§ 2. Oxalic acidt Us properties and relations to vegetahle life. 

Oxalic acid is another compound of carbon and oxygen, which, though 
not known to minister either to their growth or nourishment, is yet found 
largely in the interior of many varieties of plants. In an uncombined 
state it exists in the hairs of the chick pea. In combination witli potash 
it is found in the wood sorrel (oxalis acetosella), in the common sorrel, 
and other varieties o(rumeXt — ^in which it is the cause of the acidity of 
the leaves and stems, — in the roots of these plants also, in the leaves and 
roots of rhubarb, and in tlie roots of tormentilla, bistort, gentian, saponaria, 
and many others. It is this combination with potash, formerly extracted 
from wood sorrel, which is known in commerce by the name ofscUt of 
sorrel. In combination with lime it forms the pnncipal solid parts of 
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dnaaj BeheiMi wpeeially of tbepormetur and vafi0lan4K,* «ome of which 
«oniatn as madi oxalate of iime as is equivalent to 15 or 20 parts of pure 
acid ia 100 of the dried plant. 

The erystallised oaaiic aeid of the shops forms transparent colourless 
crystals, of an intensely soar taste. These crystals dissolve readily in 
twice their weight of cold water, and the solution, when sufficiently di- 
lute, is agreeably acid to the taste. This acid is exceedingly poisonons. 
Half an ounce of the crystals is sufficient to destroy life in a very short 
time, and a quarter of an ounce after the lapse of a few days. It con- 
sists ai^ely of carbon and oxygen in the proportion of two equivalents 
<^the former to three of the hitter. Its symbol is CaO,. It combines 
with bases, and forms salts which are known by the name of oxaUUes, 
and it is characterised by the readiness with which it eombines with lime 
to form oxalate <flme» If a solution of the acid be poured into lime war 
ler, the mixture immediately becomes milky from the formation of this 
compound, which is insoluble in water, f It is this oxalatt of lime which 
exists in the. lichens, while oxalate of potash exists in the sorrels. 

Oxalic acid is one of those compounds of organic origin which we. can- 
not form, as we can form carbonic acid by tha direct union of its elements. 
In allour processes for preparing it artificially, we are obliged to have re- 
course to a substance previously organized m the living plant. It may 
be prepared from sogar, starch, or even from wood^ by varions chemical 
processes. The usual method is to digest potato starch with five times its 
weight of strong nitric acid (aquafortis), diluted with ten of water, till red 
fumes cease to be ^en off*, and then to evaporate the solution. The ox- 
alic acid separates m crystals, or, as it is osuaily expressed, crystallizes in 
the solution thus concentrated by evaporation. 

It is not known to exist in the soil or in the waters which reach the 
roots of plants. Where it is found in living vegetables, therefore, it must, 
like the other sabstances they contain, have &en formed or elaborated 
in the. interior of the plant itself. By what very simple changes the 
f)foduction of this acid is or may be effected, we shall see in a subse- 
quent lecture. 

§ 3. Carbonic oxide, its constitution and properties. 

When carbonic acid (00^) is made to pass through a tube containing 

red-hot charcoal, it undergoes a remarkable change. Its gaseous form 

remains unaltered, but it combines with a second equivalent of carboa 

(becoming C^ O^), which it carries off* in the aeriform state. The new 

* The oormeUa ericaatoand eartobiriaoommtfmt are mentlooed m peeoliariy ricb In this 
aetd. which used to be extracted from them for sale. A species of parmenat collected After 
the droughts on the sands of Persia and Georgia, contains 66 per cent of oxalate of time, 
with ahoutas per cent of a gelatlooas substance similar to that obtained from Iceland mo^s. 
This lichen is used for food by the Kirghuis. A similar lichen is collected aboot Bagdad for 
a nimilar purpose. 

t Sabstances that are insoloble are generaHy without action on the animal economT, and 
may be introduced into the stomach without producing soy injurious effecL Hence this ox> 
alate of lime, though it contains oxalic acid, is not poisonous. Hence also, if oxalic acid be 
present in the stomach, lis poisonous action may be taken away by causing lime water or 
milk of Ume to be swallowea in sulBclent jquantity. The aeid combines with the lime, as in 
the experiment described in the text, and forms insoluble oxalate of lime. The common 
mavResia of the iriiopswHl serve the same purpose, forming an insoluble osalaleo/magneaia. 
It Is by performing experiments under oircumstanees where the results are visible— as in 
jllass vessels^-that we are enabled to predict the results in circumstances where the phe- 
nomena^ure not yiaible, and lo act wito as much confidence as if we could really see them. 



ign Uras prodoceo b Icnown by t^ name of carboDic oxida« It C6n8i8it8 
of one equivalent of carbon united to one of oxygen, and is represented 
by Cj Oa, or simply CO. 

This gas is colon rless, without taste or sraell, lighter than common atr, 
nearly insoluble in water, extinguishes flame, does not support lif<i ; 
barns in the air^r in oxygen gas with a blue flame, and tluring this 
combustion is converted into catbonic abid. It is produced along with 
carbonic acid during the imperfect' combustion of coals in our fires and 
fornaces, but is not known to occur in nature, or to minister directly to 
tbe growth of plants. 



There exists a general relation among the three compounds of carbon 
and oxygen above described, to which it may be interesting to advert, 
in connection with the subject of vegetable physiology. This relation 
appears when we compare together their chemical constitution, as re- 
presented by their efaemical formnke :^ 

Carhonic acid consists of one of carbon and two of oxygen, or CO3 ; 

Ccarhonie oxide^ of one of cart)on and one of oxygen, or CO ; 

So that if carbonic acid be present in a plant, and be there deprived 
of one equivalent of its oxygen, by any vital action, it will be converted 
into carbonic oxide. 

Oxalic acid cotisists of two of carbon and three of oxygen, or C ^Os^ 

If we add together the formulas for 

Carbonic acid x= CO^ and 
Carbonic oxide = CO, we have 

Oxalic acid ?= GgOg. 

Hence this acid may be formed in the interior of plants, either by the 
direct union of carbonic oxide and carbonic acid, or by depriving two of 
carbonic acid (SCO, or C3O.4) of one equivalent of oxygen. 

When in a subsequent lecture we have studied the structure and func- 
tions of the leaves of plants, we shall see how very easy it is to under- 
stand the process by which oxalic acid is formed and deposited in the in- 
terior of plants, and by which carbonic oxide also may 6e, and probably 
is, produced. 

§ 4. lAght carhurtUed hydr&gen^'''4he gas of marshes and of eoal mines* 
During the decay of vegetable matter in moist places, or under water, 
a light inflannnabie gas is not unfrequently given off*, which diflers in its 
properties from any of those hitherto describe. In summer it may oflen 
be seen rising up in bubbles from the bottom of stagnant pools and 
from marshy places, and may readily be collected. 

This gas is colourless, without taste or smell, alid is little more than 
half the weight of common air, [its specific gravity, by experiment, is 
0*5576.] A lighted taper, plunged Into it, is immediately extinguished, 
while the gas takes fire and burns with a pale yellow flame, yielding 
more light, however, than pure hydrogen gas, which it otherwise re- 
aembles. Animals introduced into it, instantly cease to breathe. 

It consists of one equivalent of carbon (C) united to two of hydrogen 
(2H or Hji), and is reporaented by CU,. When burned in the air or 
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io oxygen gas, tbe carbon it containt in converted into carbonic acid 
(CO,), and the hydrogen into water (HO). 

Like oxalic acid this ga^ cannot, by any known procese, be produced 
from the direct union of the carbon and hydrogen of which it consists. 
It is readily obtained, however, by heating acetate of potash in a retort, 
with an equivalent proportion of caustic baryta. [Acelaie of potash ia 
prepared by pouring vinegar (acetic acid) on common peariash and 
evaporating the solution.] 

In nature it is largely evolved in coal mines, and is the principal com- 
bustible ingredient in those explosive atmospheres which so frequently 
cause disastrous accidents in mining districts. 

This gas i^ also given off along with carbonic acid during the fermen- 
tation of compost heaps, or of other large collections of vegetable mat- 
ter. It is said also to be generally' present in well manured soils, 
[Persoz, ChimU MoUculairet p. 547,] and is supposed by many to con- 
tribute in such cases to the nourishment of plants. It is, however, very 
sparingly soluble in water, so that in a state of solution, it cannot enter 
largely into the pores of the roots, even though it be abundantly present 
in the soil. How far it can with propriety be regarded as a general 
source of food to plants, will be considered in the following lectur^. 

§ 5. Ammonia, iU properties and relations to vegetable life. 

Ammonia is a compound of hydrogen and nitrogen. It is possessed 
of many interesting properties, and is siipposed to perform a very im- 
portant part in the process of vegetation. It will be proper, therefore, 
to illustrate its nature and properties with considerable attention. 

Ammonia, like the nitrogen and hydrogen of which it is composed, is 
a colourless gas, but, unlike its elements, is easily distinguished from 
all other gaseous substances by its smell and taste. 

It possesses a powerful penetrating odour (familiar to you in the smell 
of hartshorn and of common smelling salts), has a burning acrid alka- 
line* taste, extinguishes a lighted taper as hydrogen and nitrogen do, but 
ddes not itself take fire like the former. It instantly sufibcates animals, 
kills living vegetables, and gradually destroys the texture of their parta* 

It is absorbed in large quantities by porous substances, such as char- 
coal — ^which, as already stated, absorbs 95 times its own bulk of am- 
moniacal gas. Porous vegetable substances in a decaying state likewise 
absorb it. Porous soils also, burned bricks, burned clay, and even com- 
mon clay and iron ochre, which are mixed together on the surface of 
most of our fertile lands— all these are capable of absorbing or drinking 
in, and retaining within their pores, this gaseous substance, when it hap« 
pens to be brought into contact with them. 

But the quiantity absorbed by water is much greater and more sur- 
prising. If the mouth of a bottle filled with this gas be immersed in 
water, the latter will rush up and fill the bottle almost instantaneously; 
and if a sufficient supply of ammonia be present, a given quantity of 
water will take up as much as 670 times its bulk of the gas. 

This solution of ammonia in water is the spirit of hartshorn of the 
shops. When saturated [that is, when gas is supplied till the water re- 

* The term oOolMie, as applied to taate, will Im beet underetood by deaeribliif it aa a taate 
■IflBilar to that of the common aoda and pearlaah of the abope. 
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fuses to take up aoy more,] it is lighter than pure water, [its specific 
gravity ia 0*875, water being 1,] has £e pungent penetrating odour of the 
gas, and its hot, burning, alkaline taste — is capable of blistering the 
skin, and decomposing or destroying the texture of animal and vegeta- 
ble substances. 

You will remark here the efiect which combination has in investing 
substances with new characters. The two gases hydrogen and nitrogen, 
themselves without taste or smell, and absorbed by water in minute 
quantity only, form by their union a compound Inxly remarkable both 
for taste and smell, and for the rapidity with which water absorbs it. 

Ammonia possesses also alkaline properties,* it restores the blue 
colour of vegetable substances that have been reddened by an acid, and 
it combines with acid substances to form salts. 

Among gaseous substances, therefore, there are some which, like car- 
bonic acid, have a sour taste and redden vegetable blues ; others which, 
like ammonia, have an alkaline taste and restore the blue colour ; and 
a third class which, like oxygen, hydrogen, and jiitrogen, are destitute of 
tuste and do not affect vegetable colours. These last are called neu* 
trial or indifierent substances. ' 

Ammonia, as above stated, combines with acids and forms salts, 
which at the ordinary temperature of the atmosphere are all solid sub- 
stances. Hence if carbonic acid gas be mixed with ammoniacal gas, 
a white cloud is formed consisting of minute particles of solid carbonate 
of ammonia-^ihe smelling salts of the shops. Hence also a feather 
dipped into vinegar or dilute muriatic acid (spirit of salt), and then in- 
troduced into ammoniacal eas, forms a similar white cloud, and be- 
comes covered with a white down of solid acetate or of muriate of ammonia 
(sal ammoniac)^ The saine appearance is readily seen by holding the 
feather to the mouth of a bottle containing hartshorn (liquid ammonia), 
from which ammoniacal gas continually escapes, and by its lightness rises 
into the air, and thus comes in contact with the acid upon the feathers. 

The fact of the production of a solid body by the union of two gases 
(ammonia and carbonic or muriatic acid gases) is one of a very inter- 
esting nature to the young chemist, and presents a further illustration 
of the changes resulting from chemical combination as explained in 
tlie previous lecture. 

Ammonia is little more than half the weight of common air, [more 
nearly three-fifths, its specific gravity being 0^59, that of air being 1 J 
hence when liberated on the earth's surface it readily rises into and 
mingles with the atmosphere. It consists of hydrogen and nitrogen 
united together in the proportion of three equivalents of hydrogen (3H 
or H3) and one of nitrogen (N), [see Lecture II,] and hence, it is re- 
presented by the symbol (N + 3H), or more shortly by NH3. 100 
parts by weight contain 82i of nitrogen and 17i of hydrogen, [correct- 
ly 82*545 and 17*455 respectively.] 

In nature, ammonia exists in considerable quantity. It is widely, 

' In the previous lecture, the term add wss explained as epptyiBg to tnbetancea powea»> 
ed of a aour taste, and capable of reddening vegetable bluea or comMninir with btum (po(> 
a«h, aoda, mafnesia, Ac.) to form tolte; alkaUeB are each as possess an allcaline taste (see 
prevloos NoteX restore the bine colour lo reddened vegetable substances, or combine with 
aeidt to form talia. Of salts, nitrate of soda, saltpetre (nitrate of potash), and gUuiber sabs 
isulphate of aoda)» are examples. 
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«lBHMt uiuverHilly, diffbted, but is not known to form large depofeitt mi 
any part of the earth's sarfaee, or to enter as a constituent into any 
of the great mineral masses of which the crust of the globe is com- 
pcmd. It exists most abundantly in a Mate of cornbinatwn^^in the 
forms, for example, of muriate {uai ammoniac), of nitrate, and of carbon* 
ate of ammonia. It frequently escapes into the atmosphere in an un- 
combined state, especially where animal matters are undergoing decay, 
but it rarely exists in this free state for any length of lime. It speedily 
unites with the carbonic acid of the air, with one or other of the numer- 
ous acid vapours which are continually rising from the earth, or with 
the nitric acid which is formed at the expense of the nitrogen and oxy- 
gen of which the atmosphere consists. 

The influence of ammonia on vegetation appears to be of a very 
powerful kind. It seems not only to promote the rapidity and luxu- 
riance of vegetation, but to exercise a powerful control over the func- 
tions of vegetable life. In reference to the nature and extent of this 
action, into which we shall hereafter have occasion to inquire, there 
are several special properties of ammonia which it will be of impor- 
tance for us previously to understand. 

1°. It has a powerful affinity* for acid substances. Henee the 
readiness with which it unites with acid vapours when it rises into the 
atmosphere. Hence also when formed or liberated in the soil, in the 
fold-yard, in the stable, or in compost heaps, it unites with such acid 
substances as may be present in the soil, &c. and forms saline com- 
pounds or salts. All these salts appear to be more or less influential ia 
the processes of vegetable life. 

2^. Yet this affinity is much less strong than that which is exhibited 
for the same acids by potash, soda, lime, or magnesia. Hence if any 
of these substances be mixed or brought into comact with a salt of am- 
monia, the acid of the latter is taken up by the potash or lime, while 
the ammonia is separated in a gaseous state. Thus when sal ammo- 
niac in powder is mixed with twice its weight of quick-lime, ammoni- 
«cal gas is liberated in large quantity. This is the method by which 
pure ammonia is generally prepared ; and one of the many functions 
performed by lime when employed for the improvement of land, espe- 
cially on soils rich in animal and vegetable matter, is that of decompo- 
sing the salts, especially the organic salts, of ammonia,— as will be 
more fully explained when we come to .treat at length of this important 
part of agricultaral practice, f 

3^. The salu which ammonia forms with the acids are all, like am- 
monia itself, very soluble in water. Hence two fonsequences follow. 
First, that which rises into the air in the form of gas, and there com- 
bines with the carbonic or other acids, is readUy dissolved, washed out 

* By ^fi*^ify >■ meant the teodenej wbieh bodies have to aotte and to remain united or 
combined. Thus ammonia forma a aoUd aubatanee with the Tapour of vinegar the moment 
the two aobstancea come into contact; they have, therefore, a atrong tendency to ^oite, or 
an affinity for each other. 

t See Lectnre XVI. *^On the was ofUmA." Owlnf to this property the action of Kme upon 
compoat heapa is often injnrloae, by eauainf the evolution or the ammonia produced durtaif 
the decompoaition of the animal matteni they contain. Thia eacape of ammonia, even 
when imperceptible by the aense of smell, ia easily detected by holding over the heap a fea- 
ther dipped in vinegar or in spirit of aalt (muriatic acid), when white lumei are immediate- 
ly perceived if ammonia be present 
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and brought to the earth agaio by the rains and dews; so that at the* 
same time the air is purified for the use of animals, and the ammo- 
nia brought down for the use of plants. And second, whatever salts of 
ammonia are contained in the soiU being dissolved by the rain, are in 
a condition to be taken up, when wholesome, by the roots of plants; oir 
to be carried oflTby the drains when injurious to vegetation. 

4°. I have already alluded to the fact of this gas being absorbed by 
porous substances, and to its presence, in consequence, in porous soils, 
and in burned bricks and clay. With the purer kinds of unburned 
clay, however, and with the oxide of iron contained in red (or ferrugir 
nous)* soils, ammonia is supposed to form a chemical compound of a 
weak nature. I a consequence of its affinity or feeble tendency to com- 
bine with these substances, they attract it from the air, and from decay- 
ing animal or vegetable matters, and retain it more strongly than many 
porous substances can,— yet with a sufficiently leeble hold to yield it 
up, readily as is supposed, to the roots of plants, when their extremities 
are pushed forth in search of food. In this case the carbonic, acetic, 
and other acids given oflT, or supposed to be given off* by the roots, exer« 
cise an influence to which more particular allusion will be made here- 
after. 

6°. In the state of carbonate it decomposes gy^um, forming carbon- 
ate of lime (chalk) and sulphate uf ammonia.f The action of gypsum 
on grass lands, so undoubtedly beneficial in many parts of the world, 
has been ascribed to this single property ; ii being supposed that the 
sulphate of ammonia farmed, is peculiarly favourable to vegetation. 
This question will come properly under review hereafter. I may here, 
however, remark that if this be the sole reason for the efficiency of gyp- 
sum, its application ought to be beneficial on all lands not already 
abounding either in gypsum or in sulphate of ammoma.t But if the 

* Soiltt reddened by tbe presence of oxide of iron. 

t Gypsum is ndphate of lime— consisting of sulpharic add (oil of Titriol) and quicklime. 
Caibooate of ammonia consists of cartranic acid and ammonia. When the two sul>stancea 
act upon each other in a moist state— the two acids change places— Che sulpharic acid, as it 
-were, preferring the ammonia, the carbonic add the lime. 

X Liebig says— "the striking fertility of a meadow on which gypsum is strewed depends 
m^ on its fixing in tbe soil the ammonia of the atmosphere, which would otherwise be ▼oIa> 
tilixed with the water which evaporates."— Or^amc Chemietry applied to Agrieulture, p. 86. 
iBy fixing is meant the formioff of eulphate with the ammonia. Rain water is supposed to 
bring down with it corbonate of ammonia (common smelling salts), which acts upon the eul' 
phateoflimeUj^mm) in such a way that eulphate of ammonia ttad carbonate of lime en 
produced. The carbonate of ammonia readily volatilizes or rises again into tbe ah:, the aul* 
phate doel not— hence the use of the wordjSjr.] 

When we come to consider the subject of mineral manures in general, we shall study 
more in detail the specific aotlon of gypsum in promoting vegetation— a very simple calcula- 
tion, however, will serve to shew that the above theory of Liebig is far from aflfording a satis- 
factory explanation of all the phenomena. 

Supposing the gypsum to meet with a sufficient snppiv of ammonia in the soil, and that it 
ezeroisesitsfulliniluence, lOOIbs. ofcommnn tt»6t<rnea gypsum will fixer form sulphate 
with nearly aO lbs. of ammonia containing 16j^ lbs. of nitrogen. One hundred wj^ight, there- 
ford, (112 lbs.) will form as much sulphate as will contain 29^ lbs. of ammonia, and if intio- 
diiced without loss Into the Interior ofplants will furnish them with ISj^ lbs. of nitrogen. 

l<^. In the first volume of British Husbandry, pp. 32S, 383, the foUowing experiment is 
recorded : 

Mr. Smith, of Tnnstal, near SIttingboume, top-dressed one portion of a field of red clover 
with povnlered gypsum at the rate of five bushels (or four hundred weight*) per acre, and 
compared the produce with another portion of the same field, to which no manure had been 

[* A ton of pure gypsum, when cnuhed, wUl yield 29 boaheli. It should, however, al> 
wave be applied by vWght.} 
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T«8a1t8 of experimental ftrming in this country aie to be trmted, ikia m 
by no means the case. The action neither of this, nor probably of any 
other inorganic substance applied to the -soil, is to be explained by a 
reference in ««ry case to one and the «am« property only. 

7^. The presence or evolution of ammonia in a soil •containing animal 
and vegetable matter in a decaying state, induces or disposes tliis matp 
ter to attract oxygen from the air more rapidly and abundantly. The 
result of this is, that organic acid compounds are formed, which combine 

•ppHed. Th€ Urat crop ivm cat for hay, and dM Mcond rip«i«d for seed. The fottowInK 
w«r«tiisooiiipii»tivef«mittsper«er«: < 

■AT CROP. BSBD. STRAW. 

ewt. gn. Um. ewt. qr$. Ib»» 

Oypaumed 60 3 21 22 3 12 

tnmaaurad 20 20 5 



EzceM of produce . . 40 3 1 17 3 12 

The exeoM of prodaee in all the three crope upon thecTpsamed land fa very lane : let ^m 
calculate how much nitrogen tbia ezceaa would contain. In a previous lecture (u. p. 30) it 
waa stated as the result of Boussingault's analyses, that dry clover seed contained 7 per 
cent, of nitragenf and the same experimenter fouad id the bay of red dover 1^ per cent, (or 
7D and 16 lbs. respectively in 1000.) 

The seed as it was weighed by Mr. Smith would still contain one-ninth of its weight of 
water, and, consequently, only 6Hrd per cent of nitrogen, [nee Lecture II. p. 30.] Let it 
be taken at 6 per cent, aod let the ttrtuo be supposed to contain only 1 per cent of nitro- 
gen, the quantity of this element being found to dhnlnish In the grasses after the seed has 
ripened, and averaging 1 per cent in the atraw of wheat, oata, and barley, the weight of ol- 
troges reaped iu the whole crop will then t>e as follows : 

1. 40 cwt of hay (4480 lbs.) at 1^ per cent of nitrogen, contain 67 Iba. 

2. 86 lbs. ofeeed at 6 per cent, contain . 5 Iba 

3. 17 cwt 3 qrs. 12 lbs. or 2000 lbs. of straw at 1 per cent contain 20 lbs. 

Total nitrogen in the excess of crop, 92 Iba. 

Bot, as above aliewn, the five bushels or four cwt of gypsum could fix only 90 lbs. of am- 
monia containing 74 lbs. of nitrogen, leaving, therefore, 18 lb$. or one-^th qf the whole, to be 
derived from eome other eource. 

Now this result supposes that none of the gypsum or sulphate of ammonia waa carrioil 
away by the rains, but that the whole remained in the soil, and produced its greatest posstblo 
effect on the clover-— and all in one eeaaon. 

But the effect of the gypsum does not disappear With the crop to which it is actoally ap- 
plied. Its beneficial action is extended to the succeeding crop of wheat, and on grass umda 
the ameliomtion is visible for a succession of years. If, then, the increased produce of a 
single year may contain more nitrogen than the gypsum can t>e supposed to vi^, this sub- 
stance must exercise some other infiuence over vegetation than is mvolved ia its supposed 
action on the ind^nite quantity of ammonia in the atmosphere. 

2^. Again, Mr. Barnard, of Little Bordean, Hants, applied 2^ cwt per acre on two-year 
old sain- foin, on a clayey soiL The increased produce of the fimt cutting waa a ton per 
acre, and in October fully a ton, the undressed part yielding scarcely any hay at all, wmle 
the dressed part gave H tons. The second year no gypsum was applied, and toe differenoo 
is said to have been at least as great 

SiippoaiogttM increaaed produce in all to have been 4 tons of hay, and the nitrogen it o6n* 
tained to have been only one per cent— the 4 tons (8960 lbs.) would contain about 90 Iba. of 
nitrogen. But 2^ cwt. would fix onlv 46 lbs. of nitrofren in the form of ammonia ; and there- 
fore, supposing it to have produced its maximum effect, there- remai» 4Albe.or nearly eaa 
haJ^of Ike lekole^ unaceountedfor by the theory. 

I would not be understood to plac« alisolute reliuice on the resolta of the above expert • 
mems; but the way in which such results may be eaaily applied for the purpose of testing 
theoretical viewa, will, I hope, coovinee tite intelligent practical agriculturist how important 
ft is, that the results of some of the experiments he is every year making should be aeou- 
fately determined by weight a$id wteaaure. By thia means data would gradually t>e aocu* 
mulated, on which we might hope to found more unexceptionable explanations of the phe- 
nomena of vegetation, than the reaulta obtained in our bboratories nave hitlteno enabled 
OS to advance. 

In a snbaequeot note 4t will be shewn that the mode in which the nitrates of soda and 
potaah act>-in other words, the theoiy of their action upon vegetation— may be tested by a 
similar simple calcolatioo, and the importance of orecise expokneots made on the larm 
will then stiU further appear. It is in the hope or induciug some of my readera to malca 
comparative trials and publish accurate results, that I have introduced Into the Appendix 
(No. I.) an ootlina of the mode in which such experiments may moat useittUy be pemrmad. 



lyith the ammoma, iand form ammoniacal salts.* On the decomposi- 
tioo of these salts by lime or otherwise— the organic acids which are se- 
.parated &om them, are always more advanced towards that state in 
/which bb^y again become lit to act as food for plants. 

8°. Bui the most interesting, and perhaps the most important prefer- 
-ty of ammonia, is one which I have already had occa^on to bring under 
your jsotice, as possessed by water also, and as peculiarly fitting that 
fiuid for the yaried functbnslt performs in reference to vegetable life. 
This property is the ease with which it undergoes decomposition, either 
ia the air, in the soil, or in the interior of plants. 

In the air it is diffused thmugh, and intimately mixed with, a large 
•xcess of oxygen gas. In the soil, especially near the surface, it is also 
continually in contact with oxygen. By the influence of electricity in 
the air, and of lime and other bases in the soil, it undergoes a constant 
•though gradual decomposition (oxidation), its hydrogen being chiefly 
iBonverted into water, and a portion <^ its nitrogen into nitric aeul.f 

In the interior of plants this and other numerous and varied decom<- 
.posttions in all probability take place. 

The important influence which ammonia appears to exercise over the 
growth of plants—- the evidence for which I shall presently lay before 
•you-^ only to be explained on the supposition that numerous transfor* 
anatioos of organic substances are eii^ted in the interior of living vege* 
tables— which.transformations all imply (he separation from each other« 
or the re-arrangement of the elements of which ammonia consists. In 
the interior of the plant we have seen that water, ever present in great 
abundance, is also ever ready to yield its hydrogen or its oxygen as oc* 
casion may require, while these same elements axe never unwilling to 
-unite again for the formation of water. So it is, to a certain degree, 
"with Ammonia. The hydrogen it contains in so large a quantity is ready 
]k> separate itself &om the nitrogen in the interior of the plant, and, in con- 
cert with the other organic elements introduced by the roots or the leaves, 
4D aid in producing the diflerent solid bodies of which the several parts 
4>f plants are made up. The nitrogen also becomes fixed in the coloured 
petals of the flowers, in the seeds, and in other parts, of which it appears 
^ constitute a necessary ingredient— passes ofl'in the form of new com- 
.pounds, in the insensible perspiration or odoriferous exhalations of the 
.plaatt^or returning with the downward circulation, is thrown ofl* by the 
■soot into the soil &om which it was or^najly derived. Much obscurity 
atill lests on the actual transformations which take place in the interior 
of plants, yet we shall be able in a future lecture, I hope, to arrive at a 
'tolerably clear understanding of the general nature of many of them. 

Such are the more important of those properties of ammonia, to which 
weehall hereafter have occasion to advert. The sources, remote as 
well as immediate, from which plants derive this, and other compounds 
"we have described as contributing to the nourishment and growth of 
plants, will be detailed in a 8ubsei|uent section. 

* Oifanic oddB^taanMy contaJa more ozTKea Id proportion to tbek imtImii w^ bycUo- 
4^<en, tbtti tboae which are alkalim or ntutrci. 

t It will be remembered tbAt *aimonia is repreMoled by 97B3, water by BO, -and nitrie 
.acid by NOs. It is easy to see, therefore, how, by meaaa of oxygeo, aauaenia sboold ba 
converted into water and nitric «cid. 
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§ 6. Nitric (Mcid, its constitution and properties* 

When the nitre or saltpetre of commerce is introduced into a retort, 
covered with strong sulphuric acid (oil of vitriol*) and heated over a lamp 
or a charcoal fire> red fumes are given off, and a transparent, often 
brownish or reddish li<{uid, distils over, which may be collected in a bot- 
tle or other receiver of glass. This liquid is exceedingly acid and cor- 
rosive. In small quantity it stains the skin and imparts a yellow colour 
to animal and vegetable substances. In larger quantity it corrodes the 
skin, Reducing a painful sore, rapidly destroys animal and vegetable 
life, and speedily decomposes and oxidizesf all organic substances. 
Being obtained from nitre, this liquid is called nitric acid. It consists of 
nitrogen combined with oxygen, one equivalent of the former (N) being 
united to 5 of the latter (O^), and is represented by NO5. 

This acid contains much oxygen, as its formula indicates, and its ac- 
tion on nearly all organic substances depends upon the ease with whtch 
it is decomposed, and may be made to part with a portion of this oxygen. 
. In nature, it never occurs in a free state ; but it is found in many in- 
tertropical (hot) countries in combination with potash« soda, and lime— in 
the state of nitrates* It is an important character of these nitrates that, like 
the salts of ammonia, they are all very soluble in water. Those of so- 
da, lime, and magnesia attract moisture from the air, and in a damp aC*> 
mosphere gradually assume the liquid forqa. 

Saltpetre is a compound of nitric acid with potash (nitrate of potash). 
It is met with in the surface soil of many districts in Upper India, and 
is separated by washing the soil and subsequently evaporating (or boil* 
ing down) the clear liquid thus obtained. When pure, it does not be* 
come moist 00 exposure to the air. It is chiefly used in the manufac- 
ture of gunpowder, but has also been recommended and frequently and 
successfully tried by the practical husbandman, as an influential agent 
in promoting vegetation. 

In combination with soda, it is found in deposits of considerable thick- 
ness in the district of Arica in Northern Peru, from whence it is im- 
ported into this country, chiefly for the manufacture of nitric and sulphu- 
ric acids. More recently its lower price has caused it to be extensively 
employed in husbandry, especially as a top-dressing for grass lands. 
Like the acid itself, these nitrates of potash and soda, when present in 
large quantities, are injurious to vegetation. This is probably one cause 
of the barrenness of the district of Arica in Peru, and of other countries, 
where in consequence of the little rain that falls, the nitrous incrusta- 
tions are accumulated upon the soil. In small quantity they appear to 
exercise an important and salutary influence on the rapidity of growth, 
and on the amount of produce of many of the cultivated grasses. This 
salutary influence is to be ascribed, either in whole or in part, to the 
constitution and nature of the nitric acid which these salts contain. It 

* Sajphurlcaeld ia & compound of ozrgen and sulphor, which Is prepared bv boming ral. 

Shur with certain precautions in laiye leaden chambers. It is also obtained durecUy by dis- 
ilinx ^Tssn vUrM, (sulphate of Iron) at a hif h temperature in an iron 8tUl-~hence its name oil 
efvitnol. It is a heavy, oily, acid, and remarkably corrosive liquid. In a concentrated state 
tt is exceedingly destnictive both to animal and to vegetable life. 

t When a substance combines with oxygen^ either in consequence of exposara to the 1^ 
or in any otlier circumstances, it is said to become osidise^. 
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is chiefly with a riew to the explauation I shall hereafter attempt to 
give of the nature of this salutary actioD, that I have thought it neces- 
aary here to make you acquaioted with tins acid compound of nitrogen 
and oxygen^ in connection with the alkdUne compound (ammdnia) of the 
same gas with hydrogen. 

Having thus shortly described both the organic elements themselves* 
and such chemical compounds of these elements as appear to be most 
concerned in promoting the growth of plants, we are prepared for enter- 
ing upon the consideration of several very important questions. These 
questions are— 

1°, From what source do plants derive the organic elements of which 
they are oompoeed ? 

2°. In what form do plants take them up— or what proof have we 
that the compounds above described really enter into plants? 

3^. By what organs is the food introduced into the circulation of 
plants ? In consequence of what peculiar structure of these several 
parts are plants enabled to take up the compounds by which they appear 
to be fed ; and what are the functions of these parts, by the exercise of 
which the food is converted and appropriated to their own sustenance 
and further ^wth ? 

4^. By what chemical changes is the food aanmUcUed by plants, that 
is-— after being introduced into the circulation, through wnat series of 
chemical changes does it pass, before it is converted by the plant into 
portions of its own substance ? 

5°. By what natural laws or adaptations is the supply of those com** 
pounds, which are the food of plants, kept up ? Animals are supported 
by an unfailing saccession of vegetable cipps,^by the operation of what 
invariable laws is food continually provided for plants ? 

These questions we shall consider in succession. 



LECTURE IV. 

Bbnree of the ofsanie elementt of ptaat»--Soiiro« of the carbon— Form in which it entec*. 
iDfio the eircttlatioo i>r pluite— Source of the bydtt>f(eii^-Soaree of the oxygen— Source of 
the Ditrofei»— Form in which nitrofan entemiato the dienliatoB of plMtft— Ahaorptimi mt 
'i aoct nitric acid bj planta. 



The first of the series of questions stated at the close of the precedin^^ 
lecture, regards the' source from which plants derive the organic ele* 
tuents of which they are composed. They are supported, it is obvious, 
flt the conjoined expense of the earth and the air^iow much do they 
owe to each, and for which elements are they chiefly and immediately 
indebted to the soil, and for which to the atmosphere ? We must first 
consider the source of e^ch element separately. 

§ 1. Saurce of the carbon of plants 

We have already seen reason to believe that carbon is incapable' of 
entering directly, in its solid state, into the circulation of plants. It i» 
generaUy considered, indeed, that solid substances of every kind are un- 
fit for being taken up by the organs of plants, and that only Such sb are 
in the liquid or gaseous staiOr can be absorbed by the minute vessels of 
which the cellular substances of the roots and leaves of plants are com- 
posed. Carbon, therefore, must enter either in the gaseous or liquid 
form, but from what 9ouTce must it be derived ? There are but twe 
sources from which it can be obtained^— **the soil in which the plant- 
grows — and the air by which its stems and leaves are surroundied. 

In the soil much vegetable matter is often present, and the farmer 
adds vegetable manure in large quanlities with the view of providing 
food for his intended crop. Are plants really fed by the vegetable mat- 
ter which exists in the soil, or by the vegetable manure that is added to 
it? 

. This question has an important practical bearing. Let us, therefore, 
submit it to a thorough examination. 

1°. We know, from sacred history, what reason and science concur 
in confirming, that there was a time when no vegetable matter existed 
in the soil which overspread the earth's surface. The first plants must 
have grown without the aid of either animal or vegetable matter— that 
is, they must have been nourished from the air. 

2°. It is known that certain marly soils, raised from a great depth 
beneath the surface, and containing apparently do vegetable matter, 
will yet, without manure, yield luxuriant crops. The carbon in such 
cases must also have been derived from the air. 

3°. You know that some plants grow and increase in size when sus« 
pended in the air, and without being in contact with the soil. 

You know, also that many plants — bulbous flower roots for example 
—will grow and flourish in pure water only, provided they are open to 
the access of the atmospheric air. Seeds also will germinate, and, 
when duly watered, will rise into plants, though sown in substances 
that contain oo trace of vegetable matter. 
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Thus De SianSRifBlbund that twor beant^. when oaosed to i^gelate'in 
the open air on pounded fliDto« doubled tbe weight of tbe car£)B they 
cmginally coataioed. 

Under similar circuinstances BoussiDgattlt found the seeds of trefoil 
increased in weight 2i times, aod wheat gave plants e^ual in weighty 
when, dry, to twice that of the original grains, [Ann* deCbim* H de Phys« 
btvii., p. 1.] The sOjoroe of the cadbon in all these cases cannot be> 
doubted. 

4^. When lands ace impoverished, you lay them down to grass^, and 
the< longev they lie undisturbed the richer in vegetable matter does th*- 
soil become. When broken up, you fioiii black fertile mould whera 
little trace of organic matter had previously existed^ 

The same observation applies to lands long under wood. The vege- 
table matter increases,. the soil improves« and wben cleared and plough- 
ed it yields abundant crops of com. 

De grasses and trees derive their carbon from the soil 7 Then, how, 
by their growth, do they increase tbe quantity of carbonaceous matter 
-vniich the soil contains? It is obvious that, taken as a whole, they 
muse draw from the air not only as mach as is contained in their own 
substance, but an excess also, which tfaev impart to the soil. 

5^. But on this point the rapid growth of peat may be considered aa 
absolutely conclusive. A tree falls across a little running stream, dams 
up the water, and produces a marshy spot. Bushes and reeds spring 
up, mosses take root and grow. Year after year new shoots are sent 
forth, and the old plants die. Vegetable matter accumulates ; a bog, 
and finally a thick bed of peat is formed. 

Nor does this peat form and accumulate at the expense of one spe- 
cies or genus of plants only. Latitude and local situation are the cir- 
cuAOstances which chiefly effect this accumulation of vegetable matter 
on the soil. In our own country, the lowest layers of peat are formed 
of aquatic plants, the next of mosses, and tbe highest of heath. In 
TiBrra del Fuego, " nearly every patch of level ground is covered by 
two specie» of plants (aatdia 'fmmila of Brown, and donatia mageUan-^ 
ica)^ which,, by their joint decay, compose a thick bed of elastic (leat.*' 
** In the Falkland Islands, almost every kind of plant, even the coarse 
grass which covers the whole surfece of the island, becomes converted 
into this substance.*** 

Whence have all these plants derived their carbon ? The q.uantity 
originally eontained in the schI is, after a lapse of years» increased tear 
thouaaod fold. Has dead matter the power of reproducing itadf ? 
Yott will answer at once, that all these plants must have grown at the 
expense of the air, must have lived on the carbon it was capable of af- 
fording them, and as they died must have left this carbon in a state un- 
fit to nourish the succeeding races. 

This reasoning appears unobjectionable, and, from the entire group of 
facts, we seem justified in concluding that plants every where, and 
under all ciroumstances, derive the whole of their carboa firom the at* 
mosphere. 

* Danoin*» Ruearchet A» Geology and Natural Blatonh PP- 319-6a Dr. 0«nrnie infonnr 
me that the atlato approacheAinore nesriy to thejiincevor nufl Irt6e«and tbe ribi c trf t r te^ottf 
lotedMxiffaft^ than ta waf otfior Brttlab plaota. 
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In certain extreme cases, as in those of plants growing in the air and 
in soils perfectly void of organic matter, this oonclosion must be abso- 
lutely true. The phenomena admit of no other interpretation. But is 
it as strictly true of the more usual forms of vegetable life, or in the or- 
dinary circumstances in which plants grow spontaneously or are culti- 
vated by the art of man ? Has the vegetable matter of the soil no 
connection with the growth of the trees or herbage 7— does it yield them 
no regular supplies of nourishment ? Does nature every where form a 
vegetable mould on which her wild flowers may blossom and her pri- 
meval forests raise their lofty heads ? Has the agricultural experience 
of all ages and of all countries led the practical farmer to imitate natura. 
in preparing such a soil ? Does nature work in vain ?^is all this ex- 
perience to he at once rejected ? 

While we draw conclusions, legitimate in kind, we must be cautious 
how, in degree, we extend them beyond our premises. 

The consideration of one or two facts will shew that our general con- 
clusion must either be modified or more cautiously expressed. 

1^. it is true that plants will, in certain circumstances, grow in a soil 
containing no sensible quantity of organic matter— but it is also true, 
generally^ that they do not luxuriate or readily ripen their seed in such a 
soil. 

2°; It is consistent with almost universal observation, that the same 
soil is more productive when organic matter is present, than when it is 
wholly absent. 

3°. That if the crop be carried off a field, less organic matter is left 
in the soil than it contained when the crop began to grow, and that by 
constant cropping the soil is gradually exhausted of organic matter. 

Now it must be granted that tillage alone, without cropping, would 
gradually lessen the amount of organic matter in the soil, by continually 
exposing it to the air and hastening its decay and resolution into gaseous 
substances, which escape into the atmosphere. But two years' open 
fallow, with constant stirring of the land, will not rob it of vegetable 
matter so effectually as a year of fallow succeeded by a crop of wheat. 
Some of the vegetable matter, therefore, which the soil contained when 
the seed was sown, must be carried off the field in the crop. 

The conclusion therefore seems to be reasonable and legitimate, that 
the crop which we remove from a field has not derived all its carbon di- 
rectly from tlie air— *but has extracted a portion of it immediately from 
the soil. It is to supply this supposed loss, that the practical farmer 
finds it necessary to restore to the land in the form of manure^amonff 
other substances — the carbon also of which the straw or hay had robbed 
the soil. 

But how is this reconcileable with our previous conclusion, that the 
whole of the carbon is derived from the air ? IThe difficulty is of easy 
solution. 

A seed germinates in a soil in which no vegetable matter exists ; it 
sprouts vigorously, increases then slowly, grows languidly at the expense 
of the air, and the plant dies stunted or immature. But in dying it im- 
parts vegetable matter to the soil, on w^ich the next seed thrives better 
^-drawing support not only from the air, but by its nwts from the soil 
also. The death of this second plant enriches the soil further, and thus* 
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while each succeedltig plant is partiy nooritihed by ibod from the earth, 
yet each, when it ceases to live, imparts to the soil all the carbon which 
during its life it has extracted from the air. Let the quantity which 
each plant thus returns to the soil, exceed what it has drawn from it by 
only one ten-thousandth of the whole, and—unless other causes later- 
vene^the vegetable matter in the soil must increase. 

Thus while it is strictly true that the carbon contained in all plants 
has been originaUy derived from the air, it is not true that the whole of 
^hat is contained in any one crpp we raise, is directly derived from the 
armosphere— the proportion it draws from the soil is dependent upon nu- 
merous and varied circumstances. 

The history of vegetable growth, therefbre*-in so far at \t9BX as the 
increase of the carbon is concerned-<-aiay be thus simply stated : 

I*'. A plant grows partly at the expense of the soil, and partly at that 
of the air. Wh^n it reaches maturity, or when winter arrives, it dies. 
The dead vegetable matter decays, a part of it is resolved into gaseous 
matter and escapes into the air, a part remains and is incorporated with 
the soil. If that which remains be greater in quantity than that which 
the plant in growing derived from the soil, the vegetable matter will in- 
crease; if less, it will diminish. 

2°. In ^ warm climates the decay of dead vegetable matter is more 
rapid, and, therefore, the portion left in the soif wiU be less than in 
more temperate regions-^in other words, the vegetable matter in tha 
jBoil will increase less rapidly— it may not increase at all. 

3°« As we advance into colder countries, the decay and disappearance 
of dead vegetable matter, in the form ofgaseous substances which escape 
into the atmosphere, become mor6 slow^till at lengthy between the par- 
allels of 40^ and 45°, it begins to accumulate in vast quantities in favour- 
able situations, forming peat bogs of greater or less extent. While the 
living plant liere, as in warm climates, derives carbon both from the 
earth and from the air, the dead plant, diuring its slow and partial decay, 
restores little. to the atmosphere, and therefore adds rapidly to the vege- 
table matter of the soil. 

4^. Again, in one and the same climate, the decay of vegetable mat- 
ter, and its conversion into gaseous substances, is more rapid in propor- 
tion to the frequency with which it is disturbed or exposed to the action 
flf the sun and air. Hence this decay may be comparatively slow in 
shady woods and in fields covered by a thick sward of grass; and in such 
aituatioBS organic matter may accumulate, while it rapidly diminishes 
in an uncovered soil, or in fields repeatedly ploughed and subjected to 
fr^uent cropping.* 

Being thus fitted, by nature, to draw their sustenance-^now from the 
earth, now from the air, and now from both, according as they can moat 
Teadtly obtain it — plants are capable of living, — though rarely a robust 
life,— at the expense of either. The proporuon of their food which they 
actually derive from each source, will depend upon many circumstan- 
ces—on the nature of the plant itself— on vhe period of its growth— on 
the soil in which it is planted— on the abiJiKlanoe of food presented to 

• Iq remoTloc a crop we take away both what the plants have receWcdfrom the earth and 
what they have alworbed from the air-~the materials, in ahort, intended ^ natmre to reaton 
|te loaa of vegetable nBtterariaiag finom the natural decay. 
••■ 6 • ■ 
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either extremity— on the warmth and moisture of the climate— on the du- 
ration and intensity of the sunshine, and other circumstances of a similar 
kind^-so that the only general law seems to be, that, like animals, plants 
have also the power of adapting themselves, to a certain extent, to^ the 
conditions in which they are placed ; and of supporting life by the aid of 
such sustenance as may be within their reach. 

Such a view of the course of nature in the vegetable kingdom, is con- 
tisteot, I believe, with all known facts. And that the Deity has bounti- 
fully fitted the various orders of plants— with which the surface of the 
earth is at once beautified and rendered capable of supporting animid 
life— to draw their nourishment, in some spots more from the air, in oth* 
ers more from the soil, is only in accordance with the numerous provisions 
we everywhere perceive, for the preservation and continuance of the 
present condition of things. 

By taking a one-sided view of nature, we may arrive at startling 
conclusions— correct, if taken as partial truths, yet false, if advanced as 
general propositions— and fitted to lead into error, such as have not the 
requisite knowledge to enable them to judge for themselves— or such as, 
doubtful of their own judgment, are willing to yield assent to the author- 
ity of a name. 

Of this Kind appears, at first sight, to be the statement of Liebig, that 
** when a plant is quite matured, and when the organs by which it ob- 
tains food from the atmosphere are formed, the carbonic acid of tlie soil 
is no further required"— and that, "during the heat of summer it derives 
its carbon exclusively from the atmosphere.**^ [Organic Chemistry ap- 
plied to Agriculture, p. 48.] 

A little consideration will shew us that, while the prop<isition contained 
in the former quotation may be entertained and advanced as a matter <^ 
opinwnr-^he latter is obviously incorrect. In summer, when the sun 
shines the brightest, and for the greatest number of hours, the evapora- 
tion from the leaves of all planu (their insensible perspiration) is the 
greatest— «che largest supply of water, therefore, must at this season be 
absorbed by the roots, and transmitted upwards to the leaves.— '[Lindley 'a 
Theory of Horticulture, p. 46.)— But this water, before it enters the roots, 
has derived carbonic acid and other soluble substances from the air and 
from the soil, in as large quantity at tliis period as at any other during 
the growth of the plant ; and these substances it will carry with it in its 
progress through the roots and the stem. 

Are the functions of the root changed at this stage of the plants' 
growth ? Do they now absorb pure water only, carefully separating and 
refusing to admit even such substances as are held m solutitm ? Or 
do the same materials which minister to the growth of the plant in its 
earlier stages, now pass upwards to the leaf and return again in the 
course of the circulation unchanged and unemployed, to be again re* 
jected at the roots? Does all this take place in the height of summer, 
while the plant is still rapidly increasing in size ? The opinion is nei- 
ther supported by facts nor consistent with analogy. 

But such an opinion,— however the words above quoted may mislead 
aome, — is not intended to be advanced by Liebig ; for, in the following 
page he says, that '* the power which roots possess of taking up nourish- 
ment does not cease so long as nutriment is present." In summer, 



IiEAYKS Ann AOOT8 ABSORB CAKBOffIC ACtD, 0$ 

therefore, as well as in spring or in autumn, the plant must be ever ab- 
sorbing nourishment by these roots, if the soil is capable of aflbrding ii-«- 
and thus, in the general vegetation of the globe^ ilie increase of carbon 
in growing plants must, at every season of the year, be phrtly derived 
from the vegetable matter of tbe soil in which they giowt 

§ 2. Form in wJ^ich carbon enters itUo the circulation of plants. 

Supposing it to be established that the whole of the carbon contained 
in plants has originally been derived from the air— we have only to in- 
•quire in what state this element exists in the atmosphere, in order to 
satisfy ourselves as to the form of combination in which it is and hn 
been received into the circulation of plants. In considering the consti- 
tution of tbe atmosphere in the preceding lecture, it was stated that car- 
bonic acid, a compound of carbon and oxygen, is always present in it— 
and that, though tbis gas is di&used through the air in comparatively 
small quantity only, yet it is everywhere to be detected,-~whLle no 
other compound of carbon is to be found in it in any appreciable quanti- 
ty. We must conclude, therefore, that from this gaseous carbonic acid 
the whole of the carbon contained in plants has been jnimarUy derived. 
This conclusion is confirmed by the observation so frequently made, 
that the leaves of plants in sunshine absorb carbonic acid, and that 
I^ants die in an atmosphere^ from which (bis gas is entirely excluded. 

But we have seen reason to believe that, under existing circumstan- 
ces, plants also extract a portion of the carbon they contain from the 
soil in which they grow. In what state or form of combination do tbe 
roots absorb carbon ? 

Tbe most abundant product of the decay of vegetable matter in the 
soil, is the same carbonic acid which planu inbale so largely from t)ie 
atmosphere by their leaves. In a soil replete with vegetable matter, 
therefore, the roots are surrounded by an atmosphere more or less 
charged with carbonic acid. . Hence if they are capable of inhalins 
gaseous substances, this gas wiU enter the roots in the aeriform state— it 
not, it must enter in solution in tbe water, which the roots drink in so 
largely, to supply the constant waste caused by tlie insensible perspira- 
tionof the leaves. 

Puring the early, fermentation of artificial noanures there is also de- 
veloped in the soil a variable proportion of light carburetted hydrogen 
(Lecture III., p. 49), which is 8up})08ed by some to enter occasionally 
into the roots. That it does enter, however, is doubtful, ^-«nd we are 
safe, I think, in considering this compound not only as an uncertain 
source of the carbon of plants, but as one from which, in the most fa- 
vourable circumstances, they can derive only a small supply. 

Thus, from the earth as from tlie air, the most unfailing supply of (bod 
is the fl;aseous carbonic acid . 

But as the water passes through the soil it takes up inorganic sobstan- 
ees«— potash, soda, lime, magnesia — and conveys them through tbe roou 
into the circulation of the plants. Can it refuse to take up and to perform 
a similar office to the soluble organic substances it meets with, as it sinks 
tbrough the soil ? Or do the spongioles of the roots keep a perpetual 
watch over the entering waters, to prevent the introduction of every so- 
luble form of carbon but that of carbonic acid ? Or, supposing s\ich 



64 EOOTS ▲WOWi OMAHIC OTMTAllCn d»M 

substances mtnodoced into the interior of the plant, are tione of them 
digested there and ecmverted to the general purposes of food ? A state* 
xnent of two or three facts will afford a satis&ctcory reply lo these sevend 
questions. 

1^. When plants are made to grow in infusions of madder the radicle 
fibres are tinged of a red colour. 

2^. The flower of a white hyacinth becomes red after a few hours, 
-when the earth in which it is planted is sprinkled with die juice of the 
fkyiolaca decakdra (Biot). 

Tkerefirre organic substances can enter into tha rwts^ cmd Whence intb 
Uu ciTcylaHon^ of the plant. 

3°. The colour of the madder does not usually extend upwards to 
Uie leaves and flowers of the plant. 

4®. The colour imparted to the flower of the white hyacinth disap* 
pears in the sunshine in the course of a few days. 

Organic colaming matters , ther^are, undergo a chemced change either 
in the stenu, in the leaf, or in the flawer^some sooner, some later— and 
the same is piobably the case with most other organic substances wbich 
gain admission into the interior of plants. 

6°. Sir Humphry Davy introduced plantsof mint into weak st^utiona 
of sugar, gitra, jelly, the tannins principle, &c., and found that ihey 
grew vigorously in all of them. He then watered separate spots of grasa 
with the same several solutions, and with common water, and four^ all 
to thrive more than that to which common water was applied— while 
those treated with sugar, gum, and gelatine grew luxuriantly.— [Davy's 
Agricultural Chemistry, Lecture VI.] 

Therefore different organic substances— being introduced into the cir- ' 
culation and there changed— are converted by pkustsinto their own sub- 
atance, or ad asfood-, and nourish the plant. 

We may consider it, therefore, to be satisfactorily established that, 
while a plant sucks in by its leaves and rqpts much carbon in the form of 
carbonic acid, it derives a variable portion of its immediate sustesanca 
^of its carbon) from the soluble organic substances that are within reach 
of its roots. 

This fact is never doubted by the practiced husbandman* It. forma 
the basis of many of his daily and most important operations, while 
the results of these operations are further proofs of the lact. 

The nature of the soluble substances which are formed during the de* 
cay of animal and vegetable substances^and which the roots of pUmia 
are supposed to take up-**will be considered in a subsequent lecture.* 

§ 3. Source of the hydrogen of plants. 

The source of the hydrogen of plants is less doubtful, and will re- 
quire less illustration, than the source of the carbon. This elementary 
substance is not known lo exist in nature in an uncnmbtned state, and, 
therefore, it must, like carbon, enter into plants in union with some other 
element. 

1°. Water has been already shewn to consist of hydrogen in cembina* 

* Thia part of the rabject mif he hav« been discvsaed ben wUhoot afipMflnc om of piMt 
•*-bot it will come in more apivopriatel/, I thipk, when treating of the nature and mo<k of 
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tkm witli oxygen. In the form of vapour* this compoitnd penrtdes th« 
«liiiosphere« aDd play« among the leaves of plants, while in the lU^md 
m^te it is cKSused through tlie soil, and is unceasingly drunk in by the 
roots of all living vegetables. In the interior of plants— «t least during 
their growth — this water is continually undergoing decomposition, and 
it is unquestionably the chief source of the hydrogen which enters into 
the constitution of their several parts. In explaining the properties of 
water I have already dwelt upon the apparent facility with which its 
elements are capable either of separating from, or of re-uniting to> each 
other, in the vascular system of animals or of plants. The reason and 
fkrectse results of these transformations we shall hereafler consider. 

2°. In light carburetted hydrogen (CH3), given off as already stated 
during the decay of vegetable matter, and said 10 be always present in 
highly manured soils, this etenxent, hydrogen, exists to the amount of 
nearly one-fourth of its weight. On the extent, therefore, to which this^ 
gaseous compound gains admission into the roots of plants, will do* 
peiid the supply of hydrogen which they are capable of drawing from 
this source. Ilad we satisfactory evidence of the actual absorption of 
this (marsh) gas by the roots or leaves of plants, in any quantity, we 
should have no difficulty in admitting that plants might, from this source, 

Aly obtain a considerable supply both of carbon and of hydrogen. It 



■would be also easy to explain bow (that is, by what chemical changes,) 
it is capable of Being so appropriated* But the extent to which it really 
ttcts as food to living vegetables is entirely unknown. 

3°. Ammonia is another compound, containing much hydrogisn» [its 
Ibrmula being NEI3, or one equivalent of nitrogen and three of hydro- 
gen*] which, as I have^ already stated, exercises a manifest influence on 
the growth of plants. If this substance enter into their circulation in 
any sensible quantity ,-^if, as some maintain, it be not only nntvertally 
diifused throughout nature, but is constantly afiecting, and influencing at 
all times, the universal functi^s of vegetation— there can be no doubt 
that the hydrogen it contains must, to an equal extent, be concerned in 
the production of the various organic substances which are formed' or 
elaborated by the agency of vegetable life. How far this probable in- 
terforence of the hydn^en of ammonia with the functions of the vegeta- 
ble organs, will tend to explain or illustrate the influence actually exert- 
ed by this eom pound,' we shall, by and by, more accurately inquire. In 
the mean time, the qoantity of ammonia, which actually enters into the 
ckculation of plants in a state of nature, Is too little known, and making 
the largest allowance, probably too minute, to permit us to consider it as 
an important source of hydrogen to the general vegetation of the globe. 

4°. The soluble orgamc substances, which enter into the circulation 
of plants through the roots, as shewn in the preceding section, do not 
consist of carbon and water only, but of combinations of carbon with 
hydrogen and oxygen in various proportions. From these substances, 
therefore, plants derive an uncertain and indefinite supply of hydrogen 
in a state already half-organized, and probably still more easily assimi- 
teed or converted into portions of their own substance, than when this 
element is combined with oxygen in the form of water. 

We may, therefore, conclude generally inregard to the source of the 
hydrogen of plants— that though there are undoubtedly several other 
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forms of combination in which this element may enter into their circnla* 
tion, in uncertain quantity —yet that ali-pervading water is the main 
and constant source from which the hydrogen of vegetable substances is 
derived. 

§ 4. Source of the oxygen of plants. 

We can at once perceive, and without difficulty, the various sources 
of the oxygen pf plants ; though it is difficult in this case also to say 
how mucn they derive from each. 

1°. The water which they imbibe so largely consists in great part of 
oxygen, and is easily decomposed, [eight-ninths of the weight of water 
are oxygen.] This alone would yield an inexhaustible supply. 

2^. The atmosphere contains 21 per cent, of its bulls of oxygen, and 
the leaves of plants in certain circumstances are known to ab«>rb this 
oxygen. The air in which they live, therefore, might be another 
source. 

3^. Carbonic acid contains 72 per cent, by weight of oxygen, and 
this gas is also known to be absorbed in large quantity from the atmos- 
phere by the leaves of plants-^while its solution in water is admitted 
readily by the roots. 

From any one of these sources an ample supply of oxygen might 
readily be obtained, and it may be considered as a proof of the vast im- 
portance of this element to the maintenance of animlll and vegetable 
life, that it is everywhere placed so abundantly within the reach of 
living beings. It is from the first of these sources, however, from the 
water they contain, that plants are believed to derive their principal 
snpply. The reasons on which this opinion is founded will appear 
when we shall have considered the functions of the several parts of 
plants, and the chemical changes to which the food is subjected in the 
course of the vegetable circulation. 

§ 5. Source of the rdtmgen of plants. 
The quantity of nitrogen present in plants is very small, compared 
with that of any of the other elements which enter into their constitu- 
tion. Of this you will be reminded, by a reference to the analyses of 
hay, oats, and potatoes, exhibited in the second lecture (page 30), which 
shew that the nitrogen contained in these several crops, when perfectly 
dried at 240° F., is respectively 1|, 2(, and 1( per cent. In the state 
in which they are usually given to cattle they contain a still less per 
centage of -nitrogen, in consequence of the quantity of water still present 
in them. Thus raw potatoes as they are given to cattle contain only 4 
of a per cent, of nitrogen, hay 1^ percent., and oats l-j^* per cent., or a 
hundred pounds of each contain 5 ounces, 1 pound 5 ounces, and 1 pound 
14 ounces respectively. 

It would appear at first sight as if this small quantity of nitrogen 
could be cf little importance to the plant, especially since, as we shall 
hereafter see, it does not enter as a constituent into those vegetable sub- 
stances^ such as woody fibre, starch, sugar, and gum, which plants -pro- 
duce in the greatest abundance, and of which their own stems and 

* 33, 1 ^29, and 1 ^ per cent -the potatoes containing aUn 72 per cent of water, the hay 
14|SD<ltii«oatal5perceot . j! 
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branches chiefly consist. The s^qse remark, however, applies to this* 
as to many other cases which present themselves to the chemist, dtiring 
his analyses, especially of organized substances, — that those elements 
which are present pnly in small quantity are as necessary— as essential 
^— to the constitution of the particular substance in which they occur, as 
other elements are of which they contain much ; and that if these small 
cjuantities are removed or absent, not only are the physical and chemi* 
cal properties of the substance materially altered, but it is found also to 
exercise a very dilTereot influence on animal and vegetable life. This 
latter observation will present itself to you in a very striking light, when 
we come hereafter to study the nutritive properties of the several kinds 
of food by which animals are chiefly supported,— and shall see on what 
elementary body their relative nutritive properties depend, or by the 
amount of which their relative value appears at least to be indicated. 

But a consideration of the absolute quantity of nitrogen contained in 
an entire crop will satisfy you that though small in comparative amount, 
[that is, compared with the carbon and oxygen which plants contain,'^ 
this element cannot be without its due share of importance in reference 
to vegetable life. Hay* as above stated, contains, as it is stacked, 1^* 
p^r cent, of nitrogen, or a ton of hay contains 30 lbs. of this element. A 
jgood crop of hay, on land which is depastured during the winter, will 
amount to 2 or 2h tonsf per acre. Taking 2 tons as an average, the hay 
Oom one acre will contain 60 lbs. of nitrogen, or from 100 acres 6000 lbs., 
equal to 2f tons of nitrogen. 

Allowing, therefore, nothing for the aftermath, and supposing the 
other crops to contain no more nitrogen than the hay does, the farmer of 
five hundred acres will annually carry into his stack-yard at least 13 
tons of nitrogen \n the form of hay, straw, grain, and other produce.^ 

Nature performs all her operations on a Targe scaler and the quantity 
. of materials she employs are large in a corresponding degree. Hence, 
though comparatively small,, the nitrogen in vegetable substances is a6- 
sdutely large. You canno# suppose, when viewed in this light, that 
nitrogen is an element of little consequence in reference to vegetable 
life ; or that in nature it should be so constantly and universally, dif- 
fused without reference to some important end. If I may be allowed a 
familiar illustration of the mode in which small quantities of matter will 
aflect the sensible properties of large masses, I would recall to your 
minds the eflects of seasoning upon food, in imparting, when added in 
•mall quantity only, an agreeable relish to wliat would otherwise be 

* Id different crops of bay BouMingmuU found in three seT^ral years the following pro- 
po^oBS of niuogen :— 

Hay, as commonly Hay dried at 

stacked. 2B(PF. 

lnlS36 1-18 l<Mof Bitfofenpercenc 

" 1838 1.3 1 15 " " 

« 1839 15 13 « « 

Aftermath 2-4 2 »' « 

t The Rev. Mr. Ogle, of KirUey, Northumberland, informs me that some of h^ land 
near the Hall has yielded annually at this rate for 100 years, and Ivitbout other manure than 
the droppings from the cattle Which have fed upon it. 

t This average estimate pives but an inaccurate idea of the quantity actually conUined 
in some species of crops. Thus reJ clover with the aid of gypsum will yield 3 tons of hay 
per acre. This hay contains more than twice the quantity of nitrogen (BoussinxauU) that 
common hay does, hence an acre of such bay would contain at least 180 lb& of nitrogen. 
^See Lecture U., p. 30.) 
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kiqxpid. But I need doc dwell on this pofnt, since I shall hereafter have 
•ccasbn to draw your attention to certain facts in reference to the con- 
stitution of the atmosphere, which will satisfy you that, hy the agency 
of cofUfparathely feeble causes, gigantic effects are continually produced 
in nature,^anci that we can scarcely fall into a graver error in reason- 
ing of natural processes, than by overlooking the agency of forms of mat- 
ter which present themselves to our senses in minute quantity only. In 
reference to insect life thi^ truth has been long established. In the coral 
ree& you are familiar with the wonderful results of the persevering la- 
bour of minttte animals in one element. When I come to explain the 
nature and origin of soils, I shall have occasion to show that even the 
element on which you labour— -the earth, on the cultivation of which 
your thoughts and hands are daily employed-Ms occasionally indebted 
for some of its most valuable properties to a similar agency, often as- 
seen by you, and though working for your gpod, unheeded and un- 
thou^ht of. 

Whence, then, is this nitrogen derived by plants? The primary 
source it is not difficult to see. We can arrive at it by a train of reasoi>- 
ing similar to that which led us to the atmosphere as the original source 
of the carbon of plants. Nitrogen does not constitute an ingr&lient of any 
of the solid rocks,* nor do we know any other source than the atmosphere 
from which it can be obtained in very large quantity. It exists, as we 
bave seen, in many vegetables, and it is more largely present in ammal 
substances, but these organized matters must themselves have drawn 
this element from a foreign source, and the atmosphere is the only one 
from which we can fairly assume it to have been originally derived. 

But though the nitrogen, like the carbon of plants, may thds be traced 
to the atmosphere*-as its orginal source^t does not follow that this 
element is either absorbed directly from the air, or, in an uncombined 
and gaseous state. Though the leaves rf trees aiid herbs are eontinoally 
surrounded by nitrogen, the constitution of plants may be unfitted for 
absorbing it by their leaves. The nitrpgeii may not only require to be 
in a state of combination before it can enter into the circulation, but it 
may also be capable of gaining admission only by the roou. These 
points are considered in the f(^owing section. 

§ 6. Form in which ffic nitrogen enters imbo the eircttlcUion of plants 
The question as to the form in which nitrogen enters into the circula- 
fton of plants is one which at the present moment engages much attention. 
It will be proper, therefore, to discuss it with considerable care. 

1°. It b considered an essential part of good tillage to break up and 
loosen the soil, in order that the air may have access to the dead vege- 
table matter, as well as to the living roots which descend to considerable 
depths beneath the surface. When thus admitted to the roots, it is im- 
possible that some of the nitrogen of the atmosphere, as well as some of - 
its oxygen, may be directly absorbed and appropriated by the plant. 
To what extent this absorption of nitrogen may proceed, however, we 

' Except eoal, and coal itself \b of vegetable origin. Throughout all roeka fn which or- 
ganio remains are found, more or less animal matter containing nitrogen is to t>e met with, 
but these remains are only accidentally preseor, and they must Imw e derived th«tr aUrogen. 
duilng life, either directly or indirectly, from the aimosphert. 
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have as yet no experimental results ftom which we can form way esti- 
mate* Whether it takes place at all or not, is wholly a matter of opinion. 

2^, The leaves of plants, as will be more fully explained hereafter, absorb 
certain gaseous substances from the atmosphere, and we might, therefore, 
expect that some of the nitrogen of the air would, by this channel, be 
admitted into their circulation. This view, however, is not confirmed 
by any of the experiments hitherto made with the view of investigating 
the action and functions of the leaves.* We are not at liberty, there- 
fore, to assume that any of the nitrogen which plants contain has in this 
way been derived directly from the air. li' may be the case ; but it is 
not yet proved. 

3°. There is little doubt, however, that nitrogen enters the roots of 
plants in a state of solution. But the quantity they thus absorb is un- 
certaiu— it is supposed to be sraSll, and must be variable. 

When water is exposed to the air in an open vessel it gradually ab- 
sorbs oxygen and nitrogen, though, as has been stated in a previous lec- 
ture, in proportions different from those in which they exist in the atmos- 
phere. The whole quantity of the mixed gases thus taken up amounts 
to about 4 per cent, of the bclk of the water (Humboldt and Gay-Lus- 
sac), dnd in rain water about f of the whole consist of nitrogen. One 
hundred cubic inches of rain water, thereCbre, will carry into the soil 
about 3f inches of nitrogen gas. But in passing through the soil, the 
water meets with other soluble substances before it reaches the rdots, 
especially the deep-seated roots of plants. It takes up carbonic acid, 
and it dissolves solid substances, and in doing so it is a property of watei 
to give oflf a portion of the other gases which it bad previously absorbed 
from the air. 

But let us suppose that rain water actually takes to the roots, and car- 
ries with it into the circulation of the plant, 2 per cent, of its bulk of 
nitrogen, and let us calculate how much of the nitrogen it contains a 
crop of hay could in this way derive from the air. 

* 8^ mbceqaent lecture ^OnOe $trmctmre andf%mctumtqftktaewrtdparU qfptantt." 
The experiments above referred to were made upon plants growing in close vessels, the 
«ir contained in which was measored and examinea (analysed) Wtb before the plants were 
introduced and after they had been some time in the vessel. In these experiments the 
bulk of the nitrogen present has sometimes been observed to increase, but never to dimin- 
IsA, in quantity. The conclusion seems satisfactory, that no nitrogen is abstracted directly 
from the atmosphere by the leaves of plants. Yet BoossingauU' very justly remarks, that 
a diminution in the bulk of the nitrogen too smsll to be detected in the ordinary mode of 
making these experiments, would be sufficient to account for a considerable portion of that 
eomparativeiy small quantity of nitrogen which is present In all livinc plants. While, there* 
fore, we accord their due weight to these researches of the vegetable phprsiologiats, we are 
not to consider them as by any means decisive of the question. With this rational and cao* 
tious concKisien, Liebig is not satisfied ; he says, " We have not the slightest reason for be* 
lieving that the nitrogen of the atmosphere takes part in the processes of assimilation of plants 
and animals ; on the contrary, we know that many plants emit the ixitrogen which is ab- 
sorbed. by their roots either in the gaseous form or in solution in water.'' (p. 70.) But if 
Uipy occasionally expire nitrogen by their leaver why must this nitrom be exactly that 
' ponion which has previously been absorbed by ttie roots in the uocombined state, and the 
quantity of which is so uncertain and so Indefinite 1 

i* Boussiogault details a series of experiments in the course of which he made peas, tre- 
,, wheat, and oats, grow in the same pure siliceous sand containing no organic matter, and 
imtered them with the same distilled water. The absohite quantity of- nitrogen increased 
sensiblv in the peas and trefoil during their growth ; in tlie wheat and oats no change could 
be detected by analysis. From these results he is inclined to infer that the green leaves of 
^e former have the power of eenaibly absorbing nitrogen from t)ie atmosphere, while those 
of the latter have not this power— at least under the circumstances in Which the experi* 
ments were made. This conclusion, however, is not eeriain^ as will presently be «hewn.r- 
filee Ami. de Chim. et tk Phye, IxvU. p. t, and Ixix. p. 363.] 
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The quantity of rain that ftll» at York ffom the first of Mareh to ifio 
middle of Juoe-^urinx which time the grass grows and generally ri- ' 
pens— ia ahouc five inches.* On a square foot, therefore^ there faU 720 
cubic inches of water, containing 2 per cent, of their bulk, or 14 eubic 
inches of nitrogen, weighing 4} grains. ^ This gires 28 His. for the qnafi- 
tity of nitrogen thus biooght to the soil over an entire acre. Bot if we 
consider how the rain falls in our climate, we cannot suppose the grasa 
in a field to absorb by its roots, and afterwards perspire by its leaves, 
more than one-third of the whole* This quantity would carry with it 9 
lbs. of nitrogen into the circulatioa of the plants— or little more than a 
seventh part of the 60 lbs. which, as we have seen, are taken off the 
field in a crop of hay. 

Such a calculation as this affords at the best but a very rude approxi- 
mation to the truth— it seems, however, to justify us in concluding that 
plants can derive from the air, and in an unpombined state, only a small 
portion of the nitrogen they are found to contain— -and that they proba- 
bly draw a larger supply from certain eofii/ie«n</« of this elementary sub- 
stance with hydrogen and oxygen— which are known to come withut 
the reach of their roots and leaves* 

The most important of these compounds, and those perhaps the movt 
txteoeively concerned in influencing vegetation, are ammonia and nitrie 
«eid, the properties of which have been described in the prece^g 
lecture, t 

V 

§ 7. Absorption (^ammonia hfpUtnta. 

That ammonia .enters directly into the circulation of plants is ren- 
dered probable by a variety of considerations. 

1^. Thus it is found to be aanally present in the juices of many 
plants. In that of the beet-root, and in those of the birch and maple 
trees, it is associated with cane sugar (Liebig.) In the leaves of the 
tobacco plant, and of scurvy grass, in elder flowers, and in many fungi, 
h is in combination with acid snhstances, and may be detected by 
mixing their juices with quick-lime.— [Schnbler Agricultur Chemu^ 
II., p. 56.] 

2®. Some plants actually perspire ammonia. Among these is the 
Chenopodium Olidym (stinking goosefoot), which is described by Sir 
William Hooker as ** giving out a most detestable odour, compared to 
putrid salt fish.*' In the odoriferous matter given oflT ammonia is con- 
tained, and may be detected by putting a glass shade over Uie plant, 
and after a time introducing a feather moistened with vinegar or dilute 
muriatic acid.— [Chevalier Jour, de Pharm. X., p. 100.] It is also pre- 
sent in the odoriferous exhalations of many sweet-smelling plants and 
flowers. — [Schubler, I., p. 152.] 

3®. Nearly all vegetable substances, when distilled with water, yield 
an appreciable quantity of ammonia* Thus the leaves of hyssop, and 

* Themaltof experincnti mtde la 1831 by Prof. Phfilips and If r. Edwatrd Gnj. The 
mean aonnal faU of rain at York ia aboot 2S inchea.-~(Se« finb Report of tbe Britiah JUaoela- 
Hon, p. 173.) 

t It will be reeoHdeted that ammonia comlsts of one equivalent of nitrogen (N) united to 
threeof hydrogen (Hsy, being represented by NRs; and that nitric acid conaiMs of one of oh 
(ragen (N) aadfire of tfaygm (OSX Ita formula being NOs.— Bee Lettore QL, p 91 
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the fiifWen df the lime tree, yield dtsdlltd waters in which nniiicmia 
ean be detected (Sclidbler), the seeds of plants thus distilled yield it in 
abaodance (Gay-Luwiu;), and traces of it may be foand in most vege- 
table extracts (Liebig)* 

4^. Amrnotiia is also given off, among other products, wlieo wood ia 
distilled in iron retorts fur the manufacture of pyroiigneous acid, and by 
a similar treatment it may be obtained from many other vegetable sub- 
Mance«. 

The above facts, however, are not to be considered as proofs that am- 
monia enters directly into the circulation of plants either by their roots 
or by their leaves. That which is associated with sugar in the beet, may 
have been formed by the same converting power which, in the interior 
of the plant, has produced the sugar from carbonic acid and water. So, 
that exhaled, by the leaves of the goosefoot, which grows in waste places, 
especially near the sea, may have been producMl during the npwud 
flow of the sap or during its passage over the leaf. And we know that 
the nitrogen does not exist in the state of ammonia in the seeds of plants, 
or in wood, or in coal— though from all of them it may be obtained by 
tbeprocesses above descrit>ed. 

The production of ammonia, by the agency of a high temperature, 
may be illustrated by a very familiar experiment often performed, 
though for a very difierent purpose. The juice and dried leaf of tobae- 
eo contain nitre (nitrate of potash) and a littU ammonia. But when 
tobacco is burned, ammonia in sensible quantity is given off along with 
tbe smoke, chiefly in the state of carbonate of ammonia. This may be 
shown by bringing a lighted cigar near to reddened litmus paper, when 
the blue colour will be restored ; or to a red rose, when the leaves will 
become green ; or te a rod dipped in vinegar or in dilute muriatic acid, 
when a white cloud will appear .-—[Runge, EinUUung im die ieeknisehe 
ChemU^ p. 875.] 

In this case a portion of the ammonia given off by the tobacco has 
most probably been formed during the combustion, at the expense of the 
nitrogen contained in the nitrate of potash which is present in the leaf. 

5°. But there are other circumstances which are strongly in favour of 
the opinion, that ammonia* not unfrequently does enter, as such, into the 
circulation of plants. 

Thus it is proved, by long experience, that plants grow most rapidly 
and modt luxuriantly when supplied with manure containing substances 
of animal origin. These substances are usually applied to the roots or 
leaves in a state of fermentation or decay, during which they always 
evolve ammonia. Putrid urine and night-soil are rich in ammonia, 
and they are among the most efBcacious of* manures. This ammonia 
is supposed to enter into the circulation of plants along with the water 
absorbed by their roots, and sometimes even by the pores of their leaves. 
We can scarcely be said to have as yet obtained decisive proof that it 
does so enter, bat probabilities are strongly in favour of this supposition ; 
and when we come hereafter to consider minutely the mode in which it 
is likely to act, when within the plant, we shall find the probabilities 
derived from practical experience to be strengthened by the deductions 
of theory. 

But though the facts so long observed in reference to the action of an- 
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.imal manurM upon vegetation, justify us in believing ibat ammovdc 
actually enters into the roots, and perhaps into the leaves, of plants-— we 
ought not hastily to conctude that all the nitrogen which plants are ca- 
pable of deriving from decayin|; animal matter mutt enter into their cir- 
culation in the form of ammonia. Other soluble compounds containing 
nitrogen are formed during the decay of animal substances — they ac- 
tually exist largely in the liouid manures of the stable and fold-yard, 
and they can scarcely fail, when applied to the soil, to be to a certain 
extent absorbed by the rooU of plants. This urea is a substance con- 
taining much nitrogen, which exists in the urine or excrements of moat 
animals, and by its decomposition produces carbonate of ammonia. 
But being very soluble, this substance may enter directly into the roots, 
and may be there decomposed, and made to give up its nitrogen to the 
living plant. To other compound substances of animal origin the same 
observation may apply,*— eo that while the fact, that animal manure in 
a state of fermentation is very beneficial to vegetation, may be consid- 
ered as rendering it highly probable .that the ammonia which such 
manure contains, enters directly and supplies much nitrogen to the 
growing plants, it must not be entirely left out of view that, in nature, a 
portion of the nitrogen, derived from animal substances, may be ob- 

. tained immediately from other compounds in which ammonia does not 
exist. 

To what amount ammonia actually enters into the circulation of 
plants, or how much of the nitrogen they contain it actually supplies, 
we have no means of ascertaining. Were it abundantly present in the 
soil, its great solubility would enable it to enter, with the water absorbed 
bv the roots, in almost unlimited quantity. In a subsequent section we 
shall consider the conditions under which ammonia is produced in nature, 
the comparative abundance in which it exists on tne earth*s surface, 
and the extent of the influence it may be supposed to exercise on the 
general vegetation of the globe. 

^B. Absorption of nitric acid by plants. 
1^. That ammonia is actually present in the juices of nrrany living 
vegetables has been adduced, as a kind of presumptive evidence, that 
this compound is directly absorbed by plants. A similar presumption 
is offered in favour of the direct entrance of nitric acid, by its invariable 
presence in combination with potash, soda, Kme, or magnesia, in the 
■ juices of certain common and well known plants. Thus it is said lo be 
always contained in the juices of the tobacco plant, of the sunflower, of 
the goosefootff and of common borage. The nettle is also said to con- 
tain it, and it has been detected in the grain of barley4 It exists pro- 
bably in the juices of many other plants in which it has not hitherto 

* Thus it may be applied more stronfly to the Mppurle add, which eifsta io the arine of 
the hone, and other nerbivorons animala. Thia acid deconnpoeea naiarally into beniarie 
add and ammonia. The aweet-acenied vemalgrass (Anthoxanikum Odoratum) by wrhich 
hay is perfumed, owes Its agreeable odour to the presence of this benzoic add. It may, 
therefore, be supposed that, where cattle and hones graze, the grasses aetnally absorb the 
Atppufic acid contained in the urine, which reaches their roots, decompose it as it ascends 
with the sap, appropriate its nitrogen, and exhale the o'doriferous benzoic acid. 

t Chenopodiumf probably in all the species of thisgenus.-43ee Liebig, p. 82. 

X Orisenthwaite (New Theory of AgricuUwre^ p. 106) says, it is always present in barley in 
the form of nitnCe of soda.— As Afpmdis. 
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been sought for. Were we, therefore, entiriedr from the mere presence 
of this acid in plants, to infer ihat it had really entered by their roots or 
leaves, we should have no hesitation in drawing our conclusion. But, 
like ammonia, it ma;^ have been formed in the interior of the living ve- 
getable ;* and hence the fact of its presence proves nothing in regard lo 
the state in which the nitrogen it contains entered into the circulation of 
the plant. 

2^. But nitric acid, like ammonia, exerts a powerful influence on the 
growing crop, whether of corn or of grass. Animal matters, as we have 
seen, ^ve off ammonia during their decay, and manures are rich and 
efficacious in proportion to the quantity of animal manure they contain. 
.The crop produced also is valuable and rich in nitrogen in like propor* 
tion* Therefore, as already stated, it is inferred that ammonia enters 
directly into the living plant, and supplies it with nitrogen. 

The eflect of nitric acid is similar in kind, tind perhaps equal in de- 
gree. Applied to the young grass or sprouting shoots of grain, it has- 
tens and increases their growth, it occasions a larger produce of grain, 
and tb^ grain, as when ammonia is employed, is richer in gluten^ and 
more nutritious in its quality.f An equal breadth of the same field 
yields a heavier produce, and that produce, weight for weight, contains 
more when saltpetre or nitrate of soda have been applied in certain 
quantities to the young plants which grow upon it. It is reasonable to 
conclude, therefore, that the acid of the nitrates, in ^me form or other, 

* When the beet-root arriTes at maturity, the fw^vtr bestns to dimlnlah, and aaltpetre or 
other nitrates lo be jjarmed^ nrobaUy at the expense of the ammonia which Um Juice pre- 
vfOQsIy contained.-r^croizeUes, Jour, de Phar., X., p. 42. ^ 

t The analogous effects ofammoniacal manures and of the nitrates on the relative qnaa. 
titles of gbaen and sUrch in grain, are shown by the following experiments : 

Hermbstaedt sowed equal quantiiieaof the same wheat, on equal plots of the same ground, 
and manured them with equal weights of different manures. Then from 100 parts of each 
wunple of grain produced, he obCainad starch and gluten in the following jpnspoxiioBa : 

Gluten. Starch. Produce. 

Without m^inure 9*2 667 3 fold. 

With vegetable manure (rotted • 

potatoe haulm) 9-6 66-94 6 *« 

With cow dung 120 62-3 7 « 

Wtth pigeons' dung 12-2 6312 9 •« 

With horse dung 137 61-64 10 •• 

With goats* dung 32-9 42 4 . 12 « 

With sheep dung 32-9 42-8 12 « 

With driednight-soil 3314 4144 14 « 

With dried oxblood 34 24 41 3 14 *♦ 

Withdried human urine ... 361 393 12 «» 

The manures employed by Hermbstaedt are wuppoatd, during fermentation, to evolve 
more ammonia in the order in which they are here placed, beginning at the ton of the list ; 
while the amount and kind of the produce obtained by the use of each, afford the chief evi. 
dence in favour of the opinion that this ammonia actually enters into add yields nitrogen to 
the plant. 

Mr. Hyett found in flour raised on two patches of the same land in Gloucestershire, the 
one dressed with nitrate of soda, the other undressed, the following proportions : 

Ghiten. Starch. 

In the nitrated . • • 23-25 49-5 

In the unnitrated • . 19* 65-5 

And Mr. Daubeny . [Three Lecturta on Agriculture, p. 76,] in flour from wheat top-dresMd 
wtth aaltpetre, found — 

In the nitrated I6per cent, of gluten. 

In the unnitrated .... 13 '* ** 

These differences are not so strilcing as in the case of ammonia, but they are praciseljr 
theeamein kind^ and lead to the same general conclusion in regard to the nature of the in- 
fluence of the nitrates on vegetation. Accurate and repeated experiments on the precis* 
•fftcts of the nitrates are still much to be desired. 

[^ Schiibler. GrundaiUze dor Agrietdtur Oigmit^ IL p. 170.] 
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U capabU of entering into the circnlatioo of living plante— atid of yield- 
ing to thenOf in whole or in part, the nitrogen they contain* 

out here, again, as in the case of ammonia, we are at fault in regard 
to the quantity of nitrogen which plants in a state of nature actually 
derive from mtric acid or the nitrates. The compounds of this acid witK 
potash, soda, lime, and magnesia (the nitrates of these substances), are 
all very soluble in water. The quantity of this fluid, therefcnre, wbicJi 
enters by the roou of plants, coiUd easUy convey into their circulation 
far more of these nitrates than would be alone sufficient lo supf^y the 
^hole of the nitrogen they reqnire— ^r the formation of all their parts 
and products. But so it might of anamoni^ or its sabs, as has already 
been shown. I shaU hereafter lay before you certain considerations 
which may probably lead us to approximate conclusions in regard to 
the relative influence exercised by these two compounds on the general 
vegetation of the globe. 

C9nc2im<m^.*-^Re8pecting the form in which nitrogen enters into the 
circulation of plants, we have therefore, I think, fairly arrived at theae 
deductions: 

1^. That the nitrogen of the atmosphere may, to a small extent, enter 
directly into the Kving vegetable either in the form of gas or in solution 
in water, but that supposing nitrogen to be in this way appropriated* by 
the plant, the quantity so taken up could form only a small quantity of 
that which vegetables actually contain. 

2°. That ammonia is capable of entering into plants in very large 
quantity, and of yielding nitrogen to them, and that in European agri- 
culture, which employs fermenting animal manure as an importam 
means of promoting vegetable growui, it does appear to yield to cultiva- 
ted plants a considerable portion of the nitrogen they contain. 

3°. That nitric acid, in like manner, is capable of entering into and 
giving up its nitrogen to plants; and that where this acid is employed as 
an instrument of culture, the crops obtained owe part of their nitrogen 
to the quantity of this compound which has been applied to the grow- 
injB: plants. The same inference may fairly be drawn in regard to the 
eflect of nitric acid — when, in the form of nitrates, it exists or is pro- 
duced naturally in tlie soil. 

4°. That other compound bodies, such as are contained in urine, or are 
produced during the decay of animal matter, may also enter into the 
circulation of plants, and yield nitrogen to promote their growth. 

On the whole, however, there seem strong reasons for believing that 
plants are mainly dependent on ammonia and nitric acid for the nitro*-- 
gen they contain ; and that they obtain it most readily, and with least 
labour^ so to speak, from these compounds, — though nature has kindly 
fitted them for deriving a stinted supply from other sources, when these 
substancea are not present in sntficient abundance. 

How far each of these compounds is employed by nature, as an in- 
strument in promoting the general vegetation of the globe, will be con- 
sidered in a subsequent lecture. 

* Llebif and othen say that plants are incapable of appropzi«ting or assimilating the nlln> 
fen which enters Into their circulation in the simple state. We shall consider this quei- 
tloB hereafter. 






LECTURE V. 

fbm doM the food mtor Into tlM elretdatioii of phatt-^^ftraetfira of the Mvenit pant of 
plants— Faoctions of the root^Coanse of the «ap->CaaaA of iU ascent-^f aDctioni of 
the stem—of the 1eave»~luid of the baric— Oircomstances by which the exercise of tbfese 
functions id modified. 

HA^ifo now taken a general view of the iMmrce from wfaic^ plants 
derive the elementary subetances of which their solidparts consist, and of 
the states of combination in which these elements enter into the vegeta- 
ble circolaiion,— the next step in our inquiry is-^^ftoi^ are these substan- 
ees admitted into the interior of living plant»«**and under what condi- 
tions far regulations? We are thus 1^ to study the structure and func- 
cSons of the several parts Of plants, and the circumstances by which the 
exercise of these functions is observed to be modified. 

§ I. General structure of plants, and of their several parts. 

Piants consist essentially of three part»-^4he roots, the stem, and the 
^leaves. The -former spread themselves in. various directions through 
the soil, as the latter do through the air, and the stem is dependent for its 
food and increase on the rapidity with which the roots shoot out and ex- 
tend, and on the Bumher and luxuriance of the leaves. 

We shall obtain a clearer idea of the relative structure of theto several 
IMUts by first directing our attention to that of the stem. 

The stem consists apparently of four part8-«^tbe pith, the woodi the 
bark, mnd the medullary rays. The pith and the medullary rays, how- 
ever, are similarly constituted, and are only prolongations of one and 
the same substance. The pith forms a solid cylinder of soft and spongy 
matter, which ascends through the central part of the stem, and varies 
in thickness with th<i species and with the age of the trunk or branch. 
The wood surrotinds th6 pith in the form of a hoUow cylinder, and is itself 
covered by another hollow cylinder of bark. In trees or branches of 
considerable age the wood consists of two parts, the oldest or heart wood, 
often of a brownish colour, and the newer estternal wood or alburnum, 
wlncb is generally softer and less dense than the heart wood. The bark 
«lso is easily separated into two portions, the inner bark or liber, and 
the epidermis or outer covering of the tree. The pith and the bark are 
connected together by thin vertical columns or partitions, which inter- 
sect the wood and divide it into triangular segments. A cross section 
of the trunk or branch of a tree exhibits these thin columns extending 
in the form of rays, or like the spokes of a wheel, from the centre to 
the circumference. Though they form in reality thin and continuous 
vertical plates, yet from the appearance they present in the cross sec- 
tion of a piece of wood, they are distinguished by the name of medull&- 
ly rayfe. 

Tliese several parts of the stem are composed of bundles of small 
ftibes or bcdltfw cylindrical vessels of various sizes, and of diflferent 
kinds, the structure of which it is unnecessary for us to study. They 
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are all intended to contain liquid and gaseous substanceS} and to convey 
them in a vertical, and sometimes in a horizontal, direction. The 
tubes which compose the wood and bark are arranged vertically, as may 
readily be seen on examlntnff a piece of wood even with the naked eye, 
and are intended to convey Uie sap upwards to the leaves and down- 
wards to the roots. Those of which the pith and medullary plates con- 
sist are arranged horiEontally, and appear to be intended to maihtaiti a 
lateral intercourse between the pith and the bark — perhaps even to place 
the heart of the tree within the influence of the external air. 

The root, though prior in its origin to the stem, may nevertheless for 
the purpose of illustration be considered as its downward and lateral 
prolongation into the earth— as the branches are its upward prolonga- 
tion into the air.* When they leave the lower part of the tnmk of the 
tree, they difier little in their internal structure from the stem itself. 
As they taper oflT, however, first the heart wood, then the pith, gradual- 
ly disappear, till, towards their extremities, they consist only of a soft 
central woody part and its covering of soft bark. These are connected 
with, or are respectively prolongations of, the new wood and barkof tbe 
trunk and branches. At the extreme points of the roots the bark be- 
comes white, soft, spongy, and full of pores and vessels. It is by these 
spongy extremities only, or chiefly, tHat liquid and gaseous sujtstaoces 
are capable either of entering into, or of making their escape from, tfa^ 
interior of the root. 

The branches and twigs ore extensions of the trunk; and of the 
former, the leaves may be considered as a still further extension. Thfl 
fibres of the leaf are minute ramifications of tlie woody matter of the 
twigs, are connected through them with the wood of the branches and 
stems, aud from this wood receive the sap which they contain. The 
green part of the leaf may be considered as a special expansion of the 
bark, by which it is fitted to act upon the air, in the same way as the 
spongy mass into which the bark is changed at the extremity of the root, 
is fitted to act upon the water and other substances it meeta with in the 
soil. For as the fibres of the leaf are connected with the wood of the 
stem, so the green part of the leaf is connected with its bark, and from 
this green part the sap first begins to descend towards the root. 

§2. Tkefunctionioftheroot. 
The position in which the roots of plants in their natural state are ge- 
nerally placed, has hitherto prevented their functions from being so ac- 
curately investigated as those of the leaves and of the stem. While, 
therefore, the main purposes they are intended to serve are universally 

* Th« eorreetnean of this eomparison Ui proved hj the fact that. In many tftea. the bpvnch 
if plantrd will become a root, and the root, if exposed tn the air, will f radiialljr be trana* 
formed into a branch. The banana in the forear, and the currant tree in our gmrd^na, are 
familiar inatances of trees ipontaneously plantlni their branches, and causing them to per- 
form tbe fnnclions of roots. In like manner, " if the stem of a young plum or cherry ^tree, 
or of a willow, be bent in the autumn so that one-half of the top can be laid in the earth and 
one-halfoftherootbeat the same Ume taken carefully up— aheltered at tirrt and allsp. 
wards gradually exposed to the eold— and if in the following year the remaining part of the 
top and root be treated in the same way, the branches of the top will become roots, and the 
ramlflcatinns of the roots will become branches, producing leaves, flowers, and fniit in due 
Bea9oa.^hou<U>n*» Ihteyehpadia qf AgrieuUwB.) The tree is thus reversed In posHloo, 
and the roots and branches being thus mutually convertible caooot be materially oolike in 
fsDenl •tmcture. 



«natm atid undet^stixM}, the precise way in which theae ends; are aeeom- 
plfshed by the roots, and ihe powers with whtcb tbey are invested* are 
SAiH to a coDdiderable degree matters of dispute. 

I. It appears certain that they are possessed of the potver of absorb- 
ing water in larj?e quaofity from the soil, and of transnikttfig it upwards 
to the stem. , The amount of water thtis absorbed depeocM greatly upon 
the nature of the soil and c^ the climate in which a plant growa* bi»c 
much also upon the specific structure of its leaves and the extent of its 
foliage. 

li. The analogy of the leaves and young twigs would lead us to 
•o{»pose that, when in a proper state of moisture, the roots should 
also be capable of absorbing gaseous substances from the air which 
pervades the soil. Experiment, however* has not yet shown this to be 
the case. 

- We know, however, that they are capable of absorbing gases through 
ihe medium of water. For if the roots of a plant aie placed to water 
cx)ntaining carbonic acid in the state of solution, this gas is found gradu- 
ally to dtsappear« It is extracted from the water by the roou. . Add if 
the water in which the roots are immersed be eotitained in a bottle only 
partially filled with the liquid, while, the remainder is occupied by at- 
moepheric air, the oxygen in this air will also slowly diminish. It will 
be. absorbed by the roots through the medium of the water.* 

Again, if in the place of the atmospheric air in this bottle, carbonic 
acid be substitttted, the plant will droop and in a few days will die. The 
aame will take place, if instead of common air or carbonic acidr nitro- 
gen or hydrogen gases be introduced into the bottle. The plant will not 
live when its roots are exposed to (he sole action of any of the three* 

It is obvious, therefore, that the roots of plants absorb gaseoiie sub- 
atanees from the air which surrounds their roots, at least indirectly and 
through the medium of water. It appears also that from this air ibey 
have the power of selecting a certain portion of oxygen when this gas is 
present in it. Thirdly, that though they can absorb carbonic acid to*a 
limited atnount without injury to the plant, yet that a copious supply of 
this gas, unmixed with oxygen, is fatal to vegetaUe life* This deduction 
is confirmed by the fact that, in localities where carbcMiic acid ascends 
through fissures in the subjacent rocks and saturates the soil, the growth 
• of grass is i()und to be very much retarded. And, lastly, since nitrogen 
is l^lieved not to be in itself noxioue to vegetable life, the death» of the 
plant in water surrounded by this gas, is supix)sed to imply that the pre- 
sence of oxygen is necessary about the loois of a growing and healthy 
plant, and that one of the s[>ecial functions of the roots is constantly to 
absorb this oxygen. 

This supposition is in accordance with the fact that, in the dark, the 
leaves of plants absorb oxygen from the atmosphere; for we have al- 
feady seen reason to expect that; from their analogous structure, the roots 
•and leaves in mmilar circumstances should perform also analogous func- 
tions. At the same time, if the roots do require the access and presence 

' It will be recoll«oted that water absorbs about 4 per cent, of its bulk uf air from the at< 
BVMpbere, of wbioh about one.third Is oxygen. If the roots extract ibis oxytren from the 
water, the latter wiU again drink In a fresh portion from the atmospheric air wiOch floats 

SbOTSiL 
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of oitygeu in the soil, it woald further appear that those of some plants 
require it more than those of others ; inasmuch as some genera, like the 
grasses, love an open and friable soil, into which the air is more com* 
pletely excluded. — [Sprengel, Chemie, II., p. 337.] 

III. We have in a former lecture (IV. p. 64) concluded from facts 
there stated, that solid substances, which are soluble in water, accom* 
pany this liquid when it enters into the circulation of the plant. This 
appears to be true both of organic and inorganic substances. Potash, 
soda, lime, and magnesia thus find their way into the interior of plants* 
as well as those substances of animal and vegetable origin to which the 
observations made in the fourth lecture were intended more especially to 
apply. Even sUiea,* considered to be almost insoluble in water, enters 
by the roots, and is found in some cases in considerable quantities in the 
stem. Some persons have hence been led to contlude that soUd sub- 
stances, undissolved, if in a minute state of division, may be drawn into 
the pores of the root and may then be carried by the sap upwards to the 
stem. 

Considered as a mere question of vegetable mechanics, argued as such 
among physiologists, it is of little moment whether we adopt or reject 
this opinion. One physiologist may state that the pores by which the 
food enters into the roots are so minute as to baffle the powers of the best 
constructed microscope, and, therefore, that to no particles of solid mat- 
ter can they by possibility give admission — ^while another may believe 
solid matter to be capable of a mechanical division so minute as to pass 
through the pores of the finest membrane. As to the mere fact itself, it 
matters not which is right, or which of the two we follow. The adoption 
of the latter opinion implies in itself merely that foreign substances, 
unnecessary, perhaps injurious to vegetable life, may be carried forward 
by the flowing juices until in some still part of the current, or in some 
narrower vessel, they are arrested and there permanently lodged in the 
solid substance of the plant. 

By inference, however, the adoption of this opinion implies also, that 
the inorganic substances found in plants,^those which remain in the 
form of ash when the plant is burned,— are accidental on]y, not essential 
to its constitution. For since they may have been introduced in a mere 
state of minute mechanical division suspended in the sap, they ought to 
consist of such substances chiefly as the soil contains in the greatest 
abundance, and they ought to vary in kind and relative quantity with 
every variation in the soil. In a clay land the ash should consist chiefly 
of alumina,f in a sandy soil chiefly of silica. But if, as chemical in- 
quiry appears to indicate, the nature of the ash is not accidentaU but es- 
sentmU and in some decree constant, even in very different soils, this 
latter inference is inadmissible ; — and in reasoning backwards from this 
fact, we find ourselves constrained to reject the opinion that substances 
are capable of entering into the roots of plants in a solid state— and this 
without reference at all to the mechanical question, as to the relative sise 
of the pores of the spongy roots or of the iMuticles into which solid mat- 
ter may be divided. 

* BHlea is the name gfren by chemiifi to the pare matter of flint or of rock enralal. Sead 
sad aandstooei consist almost entirely of nUica. . 
t Alumina is the pare earth of clay. 
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rV. We are thus brought fo the consideratioa of the alleged selecting 
power of the roots, which, if rightly attributed to them, must be cod- 
Bidered as one of the most important functions of which they are pos^ 
sessed* It is a function, however, the existence of which is disputed by 
many eminent physiologists. But as the adoption or rejection of it will 
materially influence our reasonings, as well as onr theoretical views, in 
regard to some of the most vital processes of vegetation,-— it will be pro- 
per to weigh carefully the evidence on which this power is assigned to 
the roots of plants. 

1^. The leaves, as we shall hereafter see, possess in a high degree 
the power of selecting from the atmosphere one or more caseous sub- 
stances, leaving the nitroeen, chiefly, unchanged in bulk. The absorp- 
tion of carbonic acid and the diminution of the oxygen in the experi- 
ments above described^ appear to be analogous effects, and would seem 
to imply in the roots the existence of a similar power. 

2°. Dr. Daubeny found that pelargoniums, barley (kordeum vtUgare)^ 
and the winged pea (loltts tetraganolobus), though made to grow in a 
aoil containing much strontia,* appeared to absorb none of this earth, for 
none was found in the ash left by the stem and roots of the plant when 
burned. In like manner De Saussure observed that polygonum persi« 
earia refused to absorb acetate of lime from the soil, though it freely took 
up common salt. — [Lindley's Theory of Horticulture, p. 19.] 

' 3*^. Plants of different species, growing in the same soil, leave, when 
burned, an ash which in every case contains either different substances, 
or the same substances in unlike proportions. Thus if a bean and a 
grain of wheat be grown side by side, the stem of the plant from the lat- 
ter seed will be found to contain silica, from the former none.f 

4^. But the same plant grown in soils unlike in character and com- 
position, contains always— if they are present in the soil at all— very 
nrearly the same kindt of earthy matters in nearly the same proportion* 
Thus the stalks of corn plants, of the grasses, of the baniiboo, and of many 
others, always contain silica, in whatever soil they grow, or at least are 
capable of growing with any degree of luxuriance. 

\Vith the view of testing this point, Lampadius prepared five square 

Eatches of ground, manured them with equal quantities of a mixture of 
orse and cow dung, sowed them with equal measures of the same 
wheat, and on four of these patches strewed respectively Rye pounds of 
finely powdered quartz (siliceous sand), of chalk, of alumina, and of 
carbonate of paagnesia, and left one undressed. The produce of seed 
from each, in the above order, weighed 24i, 28}, 26i, 2H, and 20 ounces 
respectively. The grain, chaff*, and straw, from each of the patches 
left nearly the same quantity of ash— the weights varyin^r only from 3*7 
to 4*08 per cent., and the roots and chaff'being richest in inorganic mat- 
ter. The relative proportions of silica, alumina, lime, and magnesia. 



* Watered with a solution of nitrate of strontia. Btrontia la an earthy sobetance i 
bling lime, which is found in certain rocki and mineral veins, but which haa not hitherto been 
obeenred in the ashes of plants. 

t It is not strictly correct that the bean wlU absorb no silica, but the quantity it will take up 
will be only onethirteenth of that taken up by the wheat plant— the per centaje of silica in 
the ash of bean atraw beinx, according to Bprengel, only 0-22, while m wheat straw it is 287 
per cent Pea straw contains four timet as much as that of the bean, or 0*996 per cent. 

t For more precise information on this point, set the subsequent lectures, " Onth^inorr 
gani€ eoiMUuenti ^fftanU," (Part U.) 
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W0fe Ae muM in aZL*^[Meyen JcArtsberuJU^ 1839, p. 1.}. Provsded, 
therefore, the sabstaiices which plants prefer be present in the soiU tb« 
hind of inorganic matter they take up, or of ash they leave, is not taote* 
tially affected by the presence of other substances, even in somewhai 
larger quantity. 

These facts all point to the same conclusion, that the roots have ths 
power of selecting from the soil in which they grow, those substances 
which are best fitted to promote the growth or lo maintain the healUiy 
condition of the plants they are destined to feed. 

5^. It has been slated above that the toots of certain plants refuse to 
absorb nitrate of stroiMia and acetate of lime» though presented to them 
hi a state of solution— ^he same is true of certain coloured solutions which 
have been found incapable of finding their way into the circulation of 
plants whose roots have been immersed in them. On the other hand, 
it is a matter of frequent observation that the roots absorb solutions con- 
taini ng substances which speedily cause the death of the plant. Arsenic, 
opium, salts of iron, of lead, and of copper, and many other substances, 
are capable of being absorbed in quantities which prove injurious to the 
living vegetable— «nd on this ground chiefly many physiologists refuse to 
Acknowledge that the roots of plants are by nature endowed with any 
definite and constant power of selection at all. But this argument is of 
equal force against the possession of such a power by animals or even by- 
man himself; since, with our more perfect discriminating powers, aidea 
by onr reason too, we every day swallow with our food what is inore or 
less injurious, and occasionally even fatal, to human life.* 

On the whole, tlierefore, it appears most reasonable to conclude that 
the roots are so constituted as (1°) to be able generally to select from the 
soil, in preference^ those substances which are most suitable to the nature 
of the plant— (2°) where these are not to be met with, to admit certain 
others in their stead f— -(3°) to refuse admission also to certain substan- 
ces likely to injure the plant, though unable to discrinainate and reject 
every thing hurtful or unbeneficial which may be presented to them in 
a state of solution. 

The object of nature, indeed, seems to be to guard the plant against 
the more common and usual dangers only— not against such as rarely 
present themselves in the situations in which it is destined to grow, or 
against substances which are unlikely even to demand admissbn into its 
roots. How useless a waste of skill, if I may so speak, would it have 
been to endow the roots of each plant with the power of distinguishing^ 
and rejecting opium and arsenic and the thousand other poisonous sub- 
stances which the physiologist can present to them, but which in a state 
of nature— on its natural soil and in its natuxal climate— the living vege- 
table lA never destined to encounter \ 

* I may here remark that it i8t>v no means an extraordinary power which these dream, 
stances seem to show the roots or plants to possess. In the presence of oxygen, nitxogeo, 
and carborUc acid, in equal aoantities, water will prefer and will select the latter. From « 
mixture of lime and magnesia, acetic or sulphuric acid wlU select and separate the former. 
Is it unreasonable to suppose the roo:s of plants-- the organs of a tiTin; bein^to be endowed 
with powers of discrimination at least as ^nm as those possessed by dead matter 1 

t This conclusion is ndt strictly contained in the premises above stated, but the facts flnom 
which it is drawn will be fully explained in treating of the inorganic constituents of plants. 
It is introduced here for the purpose of giving a complete view of what appears 'to be the 
true powers of dlacrimination poiscaMd by the root 
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V. Another functitn of tlie rooto oTplaata, in regard to wlueh physiol* 
ogi«ts are divided in opinion at the present day, is what is called their 
txcreloTV power* 

1°. When barley or other grain is caused lo germinate in pure chalk, 
acetate of lime* is unilbrmiy found to be mixed with it afVer the germi* 
nation is somewhat advanced (Becquerel and Mateuoci, Ann* de Cketn, 
et de Phys., Iv., p. 310.) In tlus case the acetic acid must have been civeo 
ofT (excreted) by the young roots during the germination of the seed. 

This fact may be considered as the foundation of tlie excretory theory 
as it is called. This theory, sopported by the high authority of Decaa* 
doUe, and illustrated by the apparently convincing experiments of Ma- 
caire, (Ann. de Chim. elde Phyg,, Ui., p. 225,) has more recently been mec 
by counter-experiroents of Braoonnot, (Ixxii. p. 27,) and is now in a great 
measure rejected by many eminent vegetable physiologists. It may in* 
deed be considered as guile certain that the application of this theory by 
Decandolle and others to the explanation of the benefits arising from a 
rotation of crops, is not confirmed, ca proved to be correct, by any exper- 
iments on the subject that have hitherto been published. f 

According to Decandolle, plants, like animals, have the |x>wer of se* 
iectiug from their food, as it passes tbrougb their vascular system, such 
portions as are likely to nourish them, and of rejecting, by their roots, 

* Acetale of lime !■ a combination of aoetic aoid or vinegar with Ume derived fiomlhe chalk. 

t The discordant eesolts of Maeaire and Bjraconnot vrere as follow : . 

lo. Macaire observed that when planU of ChmdrMa MuraUe wer« grown in rain water 
they imparted to it something of the smell and taste of opium. Braconndt confirmed Uila, 
bat attributed it to wounds in the roots wliich allowed the proper juice of the plant to escafm. 
U4 says it is almost impossible to free the young roots firom the sou in which Ihey have grown, 
without injuring them and cuising the sap to exude. 

2P. Euphorbia Peplus (Petty Spunre) imparted to the water in which it grew a gummi- 
nsioous substance of a very acrid taste. In the hands o£ Bniconoot it yielded to the water 
scarcely any organic matter, and tliat only sligtitly bitterish. 

3^. Bntconnot washed the soil in wliich plants of JE7up/ior6ia Br6«m* and A$eleina$ hicar- 
naia were growing in pots, and obtained a solution couiaimng earthy and alkaline salts with 
only a trace of organic matteri 

He also washed the soil in which the Poppy (Papavtr Stomnifgrumy had been grown ten 
years successivelv. The aolui loo, t)e«ides morganie earthy and alksline salia, gave a consid' 
erable quantity of acetic acid (in the form of acetate of lime) and a trace of brown omanio 
matter. He infers tliat these several plants do not excrete any organic matter in sufftcient 
•uantliy to be injurious to themselves. 

AP. Macaire observed that when separate portions of the roots of the same plant of Afereit* 
riaUe Annua were immersed in separate vessels, the one containing pure water and the 
ottier a soludon of aceute of lead.-Hhe solution of lead was absorbed by the plant,— was to 
be traced in every part of it, and aAerwards was paxtially transmitted to tlie pare water. Bia< 
connot observed the same results, but he found the entrance of the lead Into the second vessel 
lo be owing to the ascent of Ute fluid up the outer surface ofthe one root and down the exterior 
0f the other, and that, by preventing the possibility of this passage, no lead could be detected 
Unong the pure water. 

Tlie conclusions of Ifocsatre, therefore, in favour of the rotation theory of Decandolle 
■mat be considered as at present inadmissible, and we shall bereailar see reason to coin* 
<ekle, at least to a cerr<un extent. In the conclusion of Braconnot, "that if these excretioai 
(of organic matter) really take place in Che natural state ofthe plant, they are as yet so ob- 
score and so little known as to justify the presumption tlrait some other explanation must 
be given of thegeneral system of rotation." Variou:^ illustraiions have been given by differ* 
ent observers of this supposed excreting power ofthe roots. Among the most recent are 
those of Afetrier, Who ascribes the luxunant rye crops obtained without nnanure after three 
years of clover, U> tlie excretions of this plant id the soil, whncb, like those ofthe pea and 
Dean to the wheat, he supposes *o be nourishing food to the rye. He also states (hat the 
t>eet or the turnip after tot>acco has an unpleasant taste, and is scarcely eatsMe, which he 
attributes to the excretions of the tobacco plant. Meyen ascribes Che effbct of the clover to 
the giecn manure supplied tiy its roots and stabUe and Chat of the tobacco to the undecom* 
posed oraanic substances contained io the sap and substance ofthe roots and stems of this 
llluit.of whioh so lairse a qpantity is left behind to the fiebi.-*{Meyea's Ja^es&srteU, 1839, 
ofi-l—Theae objections of Meyen are not without their weight, but we si^ h«Pi*(wr «W 
that they embody only half the truth. 
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when (he sap descends, such as are unfit Co contribute to their support, 
or would be hurtful to them if not rejected from their system. He further 
supposes that, after a time, the soil in which a certain kind of plant 
grows becomes so loaded with tliis rejected matter, that the same plant 
refuses any longer to flourish in it. And, thirdly, that though injurious 
to the plant from which it has been derived, this rejected matter may be 
wholesome food to plants of a different order, and hence the advantage to 
be derived from a rotation of crops. 

There seems no good reason to doubt that the roots of plants do at 
times— it may be constantly— reject organic substances from their roots. 
The acetic acid given oflf during germination, and the same acid found 
by Braconnot in remarkable quantity in the soil in which the poppy 
(papaver somniferiLm) has groi%'n^may be regarded as sufficient evi- 
dence of the fact^— but the quantity of such organic matter hitherto de- 
tected among what may be safely viewed as the real excretions of plants^ 
seems by far too small to account for the remarkable natural resuiis at* 
' tendant upon a rotation of crops. 

The consideration of these results, as well as of the general theory of 
such a rotation, will form a distinct topic of consideration in a subsequent 
part of these lectures. I shalU therefore, only mention one or two facts 
which seem to me capable of explanation only on the supposition that 
the roots of plants are endowed with the power of rejecting, and that 
they do constantly reject, when the sap returns from the leaf, some of 
the substances which they had previously taken up from the soil. 

1^. De Saussure made numerous experiments on the quantity of ash 
pe cent, lefl by the same plant at different periods of its growth. Among 
other results obtained by him, it appeared^ 

A. That the quantity of incombustible or inorganic matter in the dif- 
ferent parts of the plant was different at different |>eriods of the year. 
Thus the dry leaves of the horse chestnut, gathered in May, left 7*2 per 
cent., towards the end of July 8*4 per cent., and in the end of Septem* 
her 8-6 per cent, of ash; the dry leaves of the hazel in June leA 6*2, 
and in September 7 per cent. ; and those of the poplar {poptdus nigra) 
in May 6*6, and in September 9*3 per cent, of ash. These results are 
easily explained on the supposition that the roots continued to absorb 
and send up to the leaves during the whole summer the saline and 
earthy substances of which the ash consisted. But^ 

B. He observed also that the quantity of the inorganic substances in 
«*-or the ash left by^ihe entire plant, diminished as it approached to 
maturity. Thus the dry plants of the vetch, of the golden rod (soltda- 
go vulgaris), of the turosol (helianthus annuus)^ and of wheat, lefl Tes<* 
pectively of ash, at three different periods of their growth, [Davy's 
Agricultural Chemistry^ Lecture III,}— 

Before flowering. 
per cent. 

Vetch 15 

Golden rod . . . 9*2 

Tumaol .... 14*7 

Wheat .... 7*9 

This diminutioD in the proportion of ash, might arise either from a^ 

I in the absolute quantity of vegetable matter in the plants ac* 



In flower 

percent. 

i2*2 


Seed! ripe. 

pereetU. 

6*6 


6*7 


5*0 


13*7 


9-3 


6-4 


3-3 
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compaoying their increase in size— -or from a portion of the saline and 
earthy matters they contained being again rejected by the roou. But 
if the former be the true explanation, the relative pmoportians of the 
several substances of which the ash itself consisted, in the several cases, 
sboald have been the same at the several periods when the experiments 
were made. But this was by no means the case. Thus, to refer only 
to the quantity of silica contained in the ash left by each of the above 
plants at the several stages of their growth, the ashes of the 

Before flowering. In flower. Seederfpe. 

per ceni, per eerU. per cent. 

Vetch contained . . . 1*5 1*5 1-75 

Golden rod 1-6 1-5 3-6 

Turnsol 1-6 1-5 3-76 

Wheat 12-6 260 610 

If, then, the proportion of silica in the ash increased in, some cases 
(bur-fold, while the whole quantity of ash left by. the plant aecreased, it 
appears evident that some part of that which existed in the plant during 
the earlier periods of its growth must have been excreted or rejected by 
the roots, as it advanced towards maturity. 

2^. This conclusion is confirmed and carried farther by another con- 
sideration. The quantity of ash left by the ripe wheat plant, in the 
above experiments of De Saussure, amounted to 3*3 |)er cent. ;— of 
which asn, 51 per cent., or rather more than one-half, was silica. This 
silica, it is believed, could only have entered into the circulation of the 
plant in a state of solution in water, and copld only be dissolved by the 
agency of potash or soda. But, according to Sprengel, the potash, soda, 
and silica, are to each other in the grain and straw of wheat, in the pro- 
IMrtioDS of— 

Potash. CMa. Silica. 

Grain .... 0-225 0-24 0-4 

Straw .... 0-20 0-29 2-87 

Or, supposing the grain to equal one-half the weight of the straw— 
their relative proportions in the whole plant will be nearly as 21 potash, 
27 soda, 205 silica, or the weight of the silica is upwards of four times 
the weights of the potash and soda taken together. 

Now silica requires nearly half its weight of potash to render it solu- 
ble in water,* or three-fifths of its weight of a mixture of nearly equal 
parts of potash and soda. The quantity of these alkaline substances 
found in the plant, therefore, is by no means suflTtcient to have dissolved 
and brought into its circulation the whole of the silica it contains^ One 
of two things, therefore, must have taken place. Either a portion of 
the potash and soda present in the plant in the earlier stages of its 
growth must have escaped from its roots at a later stage, f leaving the 
silica behind it— or the same quantity of alkali must have circulated 
through the plant several times — bringing in its burden of silica, deposit- 

* A eolulble glaet may be made br melting together In a eraelble Cor atz faoora 10 pelts of 
carbooale ofpotaeh, 15 of ailica,ana 1 of charcoal powder. 

t De Saaesore does not state the exact relative quantities of potash and soda at the several 
perlMle of the growth of wheat, though they appear to have naduallr diminished. It 
Memo, Indeed, to be true of many plants, that the potash and soda they contain diminfehes 
In qoanCky as their age increases. Thus the weight of potash in the juice of the ripe or 
tweet grape, la said to be lesa than in the nnripe or sour grape-«nd the leaves of the potato 
have been found more rich in potash before than after blossoming (LieUg). 
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in|[ il in tho ▼aKular •ystem of ^e plant, and again retarninf to thfi 
aaii for a fresh supply. In either case the roots must have allowed it 
egress as well as ingress. But the fact, that the fyroportion of silica in 
the plam goes on increasing as it continues to grow, is in favour of the 
latter view—and renders it very probable that the same quantity of al- 
luili returns again and again into the circulation, bringing with it sup- 
p\is8 of silica and probably of other substances which the plant requires 
from the soil. And while this view appears to be the m<»'e probable, it 
also presents an interesting illustration of what may probably be the 
kind of function discharged by the potash and other inorganic substances 
found in the substance of plants — a question we shall hereafter have oc- 
casion to consider at some length. 

The above considerations, therefore, to which I might add others of a 
similar kind, satisfy me that the roots of plants doposaesa the power of 
excreting various substances which are held in solution by the sap on its 
return from the stem^and which having performed their functions in 
ihe interior of the plant are no longer fitted, in their existing condition, 
to minister to its sustenance or growth. Nor is it likely that this excre- 
toiy power is restricted solely to the emission of inorganic substances. 
Other soluble matters of organic origin are, no doubt, permitted to esr 
cape into the soil— though whether of such a kind as must necessarily 
be injurious to the plant from which they have been extruded, or to such 
a degree as alont to render a rotation of crops necessary, neither reason- 
ing nor experiment has hitherto satisfactorily shown. 

V I. The roots have the power of absorbing, and in some measure of 
selecting, food from the soil — can they also modify or alter it as it passed 
through them? A colourless sap is observed to ascend tlutnigh the 
roots. From the very extremity up to the fool of the istem a cross sec- 
tion exhibits little trace of colouring matter, even when the soil contains 
animal and vegetable substances which are soluble, and which give dark 
coloured solutions, [such as the liquid manure of the fold-yard.] Does 
such matter never enter the root ? If it does, it must be speedily changed 
or transformed into new compounds. 

We have as yet too few experiments upon this subject to enable us to 
decide with any degree of certainty in regard to this function of the root. 

It is probable, however, that as the sap passes through the plant, it ia 
constantly, though gradually, undergoing a series of changes, from the 
iirae when it first enters the root till it again reaches it on its return from 
the leaf. 

Can we conceive the existence of any powers in the root, or in the 
whole plant, of a still more refined kind? The germinating seed gives 
off* acetic acid into the soil,— ^oes this acetic acid dissolve lime from the 
soil and return with it again, as some suppose (Liebig), into the circula- 
tion of the plant?* Is acetic acid produced and excreted by the seed 
for this very refined purpose? We have concluded that in the wheat 
plant the potash and soda probably go and come several times during ita 
growth, and the ripening of its seed, is this a contrivance of nature to 

* Sraeoanot foimd aeetate of lime in vwy ■maUqaantities to be sincularly baitrul to Teve. 
tuion, and aoetate of negaeeia a little leas so. He oolr meotione, hoveven aoine esiMri. 

«wod tfaataone otota aetaalljr rafliaed totake il«p«tall,tbeee acaiatea may «ot be aquaSJ 
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make up for the scarcity of alkaline substances iu the soil— or would the 
same mode of operation be employed if potash and soda were present 
in greater abundance ? Or where the alkalies are present in greater 
abundance, might not more work be done by them in the same 
time,— might not the plant be built up the faster and the larger, when 
there were more hands, so to speak, to do the work ? Is the action of 
inorganic substances upon vegetation to be explained by the existence 
of a power resident in the roots or other parts of plants, by which such 
operations as this are directed or superintended? There are many 
m.ysteries connected with the nature and plfenomena of vegetable life, 
which we have been unable as yet to induce nature to reveal to us.* 
But the morning light is already kindling on the tops of the mountains, 
and we may hope that the deepest vallies will not forever remain obscure. 

§ 3. The course of the sap. 

If the trunk of a tree be cut off above the roots, and the lower extrem- 
ity be immediately plunged into a solution of madder or other colouring 
substances, the coloured liquid will ascend and will gradually tinge the 
wood. This ascent will continue till the colour can also be observed 
in the nerves of the leaf. If at this stage in the experiment the trunk 
be cut across at various heights, the w(>od alone will appear coloured, 
the bark remaining entirely untinged. But if the process be allowed 
still to continue M'hen the coloured matter has reached the leaf, and after 
some further time the stem be cut across, the bark also will appear dyed, 
and the tin^e will be perceptible further and further from the leaf the 
longer the experiment is carried on, till at length both bark and wood 
will be coloured to the very bottom of the stem. 

Or if the root of a living plant, as in the experiment of Macaire de- 
tailed in a preceding note, be immersed in a metallic solution— such 
as a solution of acetate of lead,—- which it is capable of absorbing with- 
out immediate injury, and different portions of the plant be examined 
after the lapse of dmerent periods of time,— first the stem, afterwards 
the leaves, then the bark of the upper part of the stem, and lastly that 
of the lower part of the stem, will exhibit traces of lead. 
^ These experiments show that the sap which enters by the roots as- 
cends through the vessels of the wood, difiuses itself over the surface 
of leaves, and then descends by the bark to the extremities of the root. 

But what becomes of the sap when it reaches the root? Is it deliver- 
ed into the soil, or does it recommence the same course, and again, re- 
peatedly perhaps, circulate through the stem, leaves, and bark ? This 
question has been partly answered by what has been stated in the pre- 
ceding section. When the sap reaches the extremity of the root, it ap- 
pears to give oflTto the soil both solid and fluid substances of a kind and 

* TlM rooteof tnes wUI tnTel to eompanUively great distftnees, and In ▼arioiu direeUona, 
in MMX^h of water: therooia of sainfoin iBtpaneUe) wili penetrate 10 or 12 feet tbroaghtho 
ealeareoua rabl>ly subsoil, or down the flssares of limestone rocks on whicii they delight to 
grow. Is this the result of aome perceptive power in the plant— or ia it merely by aoeident 
that the roota display these tendencies 1 

Those who are hi any degree acquainted with the specolatiodB of the German physlolo* 
giMa of the greatest name— in regard to the eoul and even the immortality of plants— will not 
aeeuse me of goinc very far in alluding to the possible existence of some such perceptive 
power in plants, von Martins gets rid of objectors by speaking of them as " edentifie men 
^ - *^ " orehending the tremaeendentedhae been imparted in a Unperilegree." 

U^ 1639, or JSUUman't Journal /or Janumyt 1841, p. 170. 
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to an amoam which prohably differ with every species oT plant. The 
remainder of the sap and of the subsrances it holds in solution must be 
diffused through the cellular spongy terminations of the roots, and, with 
the new supply of liauid imbibed from the soil, returned again to the 
stem with the ascending current. 

But what causes the sap thus to ascend and descend ? By what 
power is it first sucked up through the roots, and afterwards forcc^i down 
again from the leaves? Several answers have been given to this ques- 
tion. 

1®. When the end of a wide tube, either of metal or of glass, is 
plunged into water, the liquid will rise within the tube sensibly to ihe 
same level as that at which it stands in the vessel. But if a cajnUary* 
tube be employed instead of one ^ith a wide bore, the liquid will rise, 
^nd will permanently remain at a considerably lii^her level within than 
without the tube. The cause of this rise has been ascribed to an attrac- 
tion which the sides of the tube have for the liquid, and whicli is suffi- 
ciently strong to raise it and to keep it up above the proper level of the 
water. The force itself is generally distinguished by the name of capU- 
lary attraction. 

Now, the wood of a tree, as we have seen, is comjxwed of a mass of 
fine tubes, and through these the sap has been said to rise by capiUary 
attraction. But if the top of a vine be cut off when it is juicy and full 
of sap, the liquid will exude from the newly formed surfkce, and if the 
air be excluded, will flow for a length of lime, and may be collected in 
a considerable quantity [Lfndley*s Theory of HortieiUture, p. 47, note]. 
Such a flow of the sap is not to be accounted for by mere capillary at- 
traction^-the sides of tubes cannot draw up a fluid beyond their own 
extremities. 

2°. To supply the defect of this hypothesis, De Saussore supposed 
that the fluid at first introduced by capillary attraction into the extremi- 
ties of the root, was afterwards propelled upwards by the alternate con- 
traction and expansion of the tubes of which the wood of the root and 
stem is composed. This alternate contraction and expansion he also 
supposed to be caused by a peculiar irritating property of the sap itself, 
which caused each successive part of the tube into which it found ad- 
mission to contract for the purpose of expelling it. Mr. Knight also as- 
cribed the ascent of the sap to a similar contraction of certain other parts 
of the stem. Being once raised, he supposed it to return again or de- 
scend by its own weight — ^but in drooping branches it is obvious that the 
sap must be actually driven or drawn upwards from the leaves on its re- 
turn to the root. These explanations, therefore, are still unsatisfactory. 

3^. If one end of an open class tube be covered with a piece of mois- 
tened bladder or other fine anmial membrane, tied tightly over it, and a 
strong scduiJOQ of suffar in water be then poured into the open end of the 
tube, so as to cover the membrane to the depth of several inches, apd if 
the closed end be then introduced to the depth of an inch below the sur- 
face of a vessel of pure water, the water will after a short time j>ass ' 
through the bladder inwards, and the column of liquid in the tube will 
increase in height. This ascent will continue, till in favourable circum- 

* Gkit tobea poribrited by a ^erj fine bore, like a hmnan hair, are eaHed atvtOary tabes. 
Such arethoee m" which th«nnometeri are uana!!/ made. 
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stauces the fluid will reach the height of several feet, and will flow out 
or run over at the open end of the tube. At the eame time the water iu 
the vessel will beconae sweet, indlcatiug that while so much litjuid has 
passed through the membrane inwards, a quantity has also passed out- 
wards, carrying sugar along with it.* To these opposite ejects Duiro- 
ehetf who first drew atten4ion to the fact, gave the names of EndosmosCy 
denoting the inward progress, and Exosmose^ the outward progress of the 
fluid. He supposed them to be due to the action of two opposite cur- 
rents of electricity, and he likens the phenomena observed during the 
circulation of the sap in plants, to the appearances presented during the 
above experiment. 

Without discussing the degree of probability which exists as to the in- 
fluence of electricity in producing the phenomena of endosraote and ex- 
<i6mose, it mnst h% admitted that the appearances themselves bear a 
' strong resemblance to those presented in the absorption and excretion of 
fluids by the roots of plants-rand point very distinctly to at least a 
kindred cause. 

Thus, if the spongy termination of the root represent the thin porous 
membrane in the alwve experiment — the sap with which the tubes of 
the wood are filled, the artificial solution introduced into the experimen- 
tal tube^-^nd the water in the soil, the water or aqueous solution into 
which the closed extremity of the tube is introduced, — we have a series 
of conditions precisely similar to those in the experiment. Fluids ought 
consequently to enter from the soil into the roots, and thence to ascend 
into the stem, as in nature they appear to do. 

This ascent, we have said, will continue till the fluid in the tubes of 
the wood (the sap) is reduced to a density as low as that of the liquid 
entering the roots from the soil. But in a growing tree, clothed with 
foliage, this will never happen. The leaves are continually exhaling 
aqueous vapour, as one of their constant functions, and sometimes in 
very large quantity. The sap, therefore, when it reaches the leaves, is 
coBcentratea or thickened, and rendered more dense by the separation 
of the water, so that when it descends to the root, and again begins its 
upward course, it will admit of large dilution before its density can be 
80 far diminished as to approach that of the comparatively pure water 
which is absorbed from the soil. And this illustration ofthe ascent of 
the sap appears the more correct from the obvious purpose it points out 
— <in addition to others long recognised) — as served by the evaporation 
which is constantly taking place from the surface of the leaf. 

Still the cause of the ascent of tlie sap is not the more clear that we 
can imitate it in some measure by an artificial experiment. But it will 
be conceded by the strictest reasoners on physical phenomena, that to 
have obtained the command, or even a partial control, over a natural 

* bittead of ■agar, common valt, gum, or other soluble tobstances may be diaaolved ia 
llM water Intiroduced at first into ihe tube, and the denser this solationtbe larger the quantity 
of water which will enter by the membrane, and the greater the height to which the column 
win rise. It ceases in all cases to rise only when the portions of uauid within and without 
tlMnneBl>rane attain nearly to the same density {i. & contidn nearly the same weight of so4id 
matter in solution.] Instead of Dure water the Tesael into which the extremity of the tube 
Is idnnged may also Contain a weak solntion of some soluble substance— 4uch as lime or soda 
•^ wMch ease, while the sugar, or salt, or gum, will pass oucwarde, in «na1ier cpiantlty, the 
lime or aoda -wiU paas iawatfds, aloqg with th« currento of w«ter in which tfaey are severally 
diMolred. 
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power, is a considerable step towards a clear conception of the nature of 
that power itself. If the phenomena of endosmose can hereafter bo 
clearly and indubitably traced to the agency of electricity we shall have 
advanced still another step, and shall be enabled to devise other means 
by which a more perfect imitation of nature may be effected, or a more 
complete control asserted over the phenomena of vegetable circulation. 

§ 4. Functions of tfie stem. 

The functions of the stem are probably as various as those of the 
root, though the circumstances under which they are performed neces- 
sarily involve these functions in considerable obscurity. 

The pith which forms the central part of the stem consists, as I have 
already stated, of tubes disposed horizontally. W^^en a coloured fluid 
is permitted to enter the lower part of the stem in the experimeais 
above described, the pith remains untinctured in the centre of the col« 
oured wood. It does not, therefore, serve for ihe conveyance of the sap. 
Nor does it seem to be vitally necessary to the health and growth of the 
plant, since Mr. Knight has shown that, from the interior of many trees. 
It may be removed without apparent injury, and in nature, as trees ad- 
vance in age, it gradually diminishes in bulk, and in some species be- 
comes apparently obliterated. 

The vessels of the wood, which surrounds the pith, perform proba- 
bly both a mechanical and a chemical function. They serve to convey 
upwards to the leaf the various substances which enter by the roots. 
This is their mechanical function. But during its progress upwards, 
the sap appears to undereo a series of changes. When it reaches the 
leaves it is no longer in the state in which it ascended from the root into 
the stem. The difficulty of extracting the sap from the wood, at dif- 
ferent heights, has prevented very risorous experiments from being 
made on its nature and contents at the several stages of its ascent. 
These it is obvious must vary with the species and age of the plant, and 
with the season of the year at which the experiment is made. But the 
general result to be drawn from such observations as have hitherto been 
made, is, that those substances which enter directly into the root, when 
mingled with such as have already passed through the circulation of the 
plaut, undergo, during their ascent, a gradual preparation for thiit state 
in which they become fit to minister to the growth of the plant. This 
preparation is completed in a great measure in the leaf, though further 
changes still go on as the sap descends through the bark. This deduc- 
tion is strengthened by the fact that gaseous substances of various kinds 
and in varying quantities exist in the interior of the wood of the grow- 
ing plant. These gaseous subtances, according to Boucherie, are in 
some cases equal in bulk to one-twentieth part of the entire trunk of the 
tree in which they exist. They probably move upwards along with 
the sap, and are more or less completely discharged into the atmosphere 
through the pores of the leaves. That these gaseous substances not 
only differ in quantity, but in kind also, with the age and species of 
the tree, and with the season of the year, may, I think, be considered 
as almost amounting to a proof that they have not been inhaled direct- 
ly by the roots, but are the result of chemical decompositions which 
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have taken place on the stem itself, as the sap mounted upwards to- 
wards the leaves. 

We have seen that the roots exercise a kind of diseriminatiog power 
in admitting to the circulation of the plant the various substances which 
are present in the soil. The vessels of the stem exhibit an analogous 
power of admitting or rejecting the solutions of different substances into 
which they may be immersed. Thus Boucherie states that, when the 
trunks of several trees of the same species are cut off above the roots, 
and the lower extremities immediately plunged into solutions of differ- 
ent substances, some of these solutions will quickly ascend into and pen- 
etrate the entire substance of tlie tree immersed in them, while others 
will not be admitted at all, or with extreme slowness only, by the ves- 
sels of the stems to which they are respectively presented. On the 
other hand, that whith is rejected by one species will be readily admit- 
ted by another. Whether this partial stoppage of, or total refusal to ad- 
mit, certain substances, be a mere contractile efibrt on the part of the 
vessels, or be the result of a chemical change by which their exclusion 
is effected or resisted, does npt as yet clearly appear. That it does not 
depend upon the lightness and porosity of the wood, as might be sup- 
posed, is shown by the observation that the poplar is less easily pene- 
trated in this way than the beech, and the willow than the pear tree, 
the maple, or the plane. 

These various functions of the woody part of the stem are performed 
ehiefly by the hewer wood or alburnum, or, as it is often called, the sap 
wood of the tree. As the heart wood becomes older, the tubes of which 
it consists are either gradually stopped up by ^he deposition of solid 
substances which have entered by the roots^ or by the formation of 
chemical compounds, which, like concretions in the bodies of animals, 
slowly increase in size till the vessels become entirely closed— or they 
are by degrees compressed laterally by the growth of wood around them, 
so as to become incapable of transmitting, the ascending fluids. Per- 
haps the result is in most cases due in part to both these causes. This 
, more or less perfect stoppage of the oldest vessels is one reason why the 
course of the sap is chiefly directed through the newer tubes.* 

The functions of the bark, which forms the exterior nortion of the 
stem, will be more advantageously described, after we shall have con- 
sidered the purposes served by the leaves. 

§ 5. Functions of the leaves. 

The vessels of which the sap wood is composed extend upwards into 
the fibres of the leaf. Through these vessels the sap ascends, and from 
their extremities difluses itself over the surface of the leaf. Here it un- 
dergoes important chemical changes, the extent, if not the exact nature, 
of which will appear from a short description of the functions which the 
leaves are known or are believed to discharge. 

1°. When the roots of a living plant are immersed in water, it is a 

* As the newest roots are prolongatioas of the newest wood, ii mar be supposed (hat the 
fket of these roots being the chief absorbents from the soil, is a sufflcient reason why that 
which Is absorbed by them should also pass up through the wood wiUi which they are most 
closely connected. But that the pores of Uie heart wood are really Incapable of transmit* 
tJng fluids, is shown by plunging the newly cut stem of a tree into a coloured solution-^ho 
aewer wood wlU be dyed, while more or less of the central portion wiU remain onehanged. 
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matter of familiar obseryatioii tbal the water gradually dimioishee in 
bulk, and will at length entirely disappear, even when evaporation iaio 
the air ii entirely prevented. The water which thus disappears is taken 
up by the roots of the plaot» is carried up to the leaves, is there spread 
out over a large surface exposed to the sun and to the air, and in the 
finrm of vapour escapesjo considerable proportion through the pores of 
the leaves aod diffuses itself through the atmosphere. 

The quantity of water which thus escapes from the surface of the 
leaves varies with the moisture of the soil, with the species of plant, 
with the temperature and moistur^ of die air, and with the season of the 
year. According to the experiments of Hales, it is also dependent on 
the presence of the sun, and is scarcely perceptible during the night. 
He found that a sun-flower, 3^ feet high, lost from its leaves during 12 
hours of ode day 30, and of another day 20 ounces of f^^ater, while during 
a warm night, without dew, it lost only three ounces, and in a dewy 
nis^t underwent no diminution in weight.*^ 

This loss of watery vapour by the leaf is ascribed to two differeot 
kinds of action. First, to a natural perspiration from the pores of the 
leaf, similar to the insensible perspiration which is continually proceed- 
ing from the skins of healthy animals ; and second, to a mechanical 
evaporation like that which gradually takes place from the surface of 
moist bodies when exposed to hot or dry air. The relative anrount of 
loss due to each of these two modes of action respectively, must difier 
very much in difierent species of plants, being dependent in a great 
measure on the special structure of the leaf. In all eases, however, tho 
natural perspiration is believed very gready to exceed the mere mechan- 
ical evaporation--«-though the results of Hales, and of other experimen- 
ters, show that both processes proceed with the greatest rapidity undw the 
influence of a warm dry atmosphere, aided by the direct rays of the sun. 

Among the several purposes served by this escape of watery vapour 
from the surface of the leaf, it is of importance for us to notice the direct 



" When Um «seape of T»pour tima Uie lesves It nore rapid Uwn Uie topplj of water I 

die roots, ttie leaves droop, drr, and wither. Bach is someUmee the case with growinc 
crops in very hot weather, and tt always happens when a twig or flower Is planked and sep< 
anted from the stem or root When thus separated the leaves sUU contUrae te give off wa- 
tery vapour into the air. and conseqaently the sap ascends from the twig or stalk te supply 
the place of the water thos exhaled. ^ 

Bat as the lap ascends it must leave the vessels emjpty of fluid, and ahr most rush m to 
fill the empty space. This will continue till nearly all the fluid has risen from the stem into 
the leaf, and the vessels of the wood are AiU of air. But if the stem of the twig or flower be 
placed in water this liquid will rise Into it, afar will be excluded, and the fteshness and bloom 
of the leaves and flowers will be longer preserved. If the water Into which they are intro- 
duced contain any substances in solution, these will rise along with the water, and will grad> 
ually make their way through all the vessels of the wood, till they can be detected in the 
leaves. Bv this means even large trees may In a short time be saturated with saline solii* 
tlons, capable of preserving them from decay. It is only necessary to cut down or saw 
through the tree and insert its lower extremity Into the prepared solution, when the action 
of the sun and air upon the leaves will cause it spontaneously to ascend. Thus eommiv 
tubHmaie (the subject of Kyan's Patent) may be injected with ease, or pynHguiU ofirtm. 
(iron dissolved in wood vinegar,) which Bouchene recommends as equally efficient and 
much more economical, [Asm, d» Chi$n. at de Pkif. Ixxiv. p. 113.] The process is finished 
when the liquid is found to have risen to the leaf. Coloured solutions may in Ibe same way 
be injected and the wood tinged to any required shade. One of the chief benefits aUendanc 
upon the catting o( wood In the winter, appears to be that the absence of leaves preveota the 
exhaustion of the sap and the ascent of air into the vessels of the wood— the oxygen of this 
air tending to induce decay. But the sap may be retained, and the air excluded almost as 
elTectually, at anv other season of the year, by stripping the tree of its leaves and l^ranches a 
ftw days before tt Is cut down. 
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chemical influence it exercises over the growth of the plant. As the water 
disappears from the leaf, the roots must absorb from the soil at least an 
equal supply. This water brings with it the soluble substances, organ^ 
ic and ioorp;auic, which ^^® ^i contains,' and thus in proportion to the 
activity with which the leaves lose their watery vapour, will be the 
quantity of those substances which enter from the soil into the general 
circulation pf the plant. This enables us to understand how substances, 
very sparingly soluble in water, should yet be found in the interior of 
plants, and in very considerable quantity, at almost every stage of their 
growth. 

2°. Besides watery vapour, however, the leaves of nearly all plants 
exhale at the same time other volatile compounds in greater or less 
abundance. In ihp petals of £k>wers, we are familiar with such exha- 
lations—often of an. agreeable and odoriferous character. In the case of 
filajots and trees also which emit a sensible odour, we readily recognise 
the fact of volatile substances being given off by the leaves. ^But even 
when the sense o{ smell gives us oo indication of their emission from a 
single leaf or a single plant, the introduction of a number of such in- 
odorous plants into the confined atmosphere of a small room afler atime 
satisfies us that even they part with some volatile matter from their 
leaves, which makes itself perceptible to our imperfect organs only when 
in a concentrated state. The probability therefore is, that the leaves of 
all plants emit, along with the watery vapour which they evolve, cer- 
tain other volatile substances also, though oflen in quantities so minute 
as to escape detection by our unaided senses. By the emission of these 
substances the plant probably relieves itself of what would prove inju- 
rious if retained, though of the chemical nature and composition of these 
exhalations little or nothini^ has yet been ascertained. 

3^. If the branch of a living plant be so bent that some of its leaves 
can be introduced beneath the edge of an inverted tumbler full of water, 
and if the leaves be then exposed to the rays of the sun, bubbles of gas 
will be seen to form on the leaf, and gradually to rise through the water 
and collect in the bottom of the tunabler. If this gas be examined it 
will be found to be pure oxygen. 

If the water contain carbonic acid gas, or if during the experiment a 
little carbonic acid be imrodueed, thi^ gas will be found gradually to dis- 
appeafr, while the oxygen will continue to accumulate. 
. Or if the experiment be made by introducing a living plant into a large 
bell-glass full of common atmospheric air, allowing it to grow there for 
12 hours in the sunshine, and then examining or analysing the air con- 
tained in the glass, the result will be of a precisely similar kiiid. The 
per centage of oxygen in the air will have increased.* Apd if the ex- 
periment be varied by the introduction of a small (quantify of carbonic 
acid gas into the jar, this gas will be found as before to dimmish in quan- 
tity, while the oxygen increases. The conclusion drawn from these 
experiments, therefore, is, that the leave$ of plants, when exposed to the 
ray$ of the sun, absorb carbonic acid from the air and give off pure oxy- 
gen gas. 

It has been already staled that the proportion of carbonic acid present 

* It vill be mnembered that atmospheric a^ coBtains about 21 per cent of oxygen gae. 
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in the atmosphere is exceedingly small, [about 1 -2500th of this bulk- 
see Lecture II., p. 30;] but if for the purpose of experiment we increase 
this proportion in a gallon of air to five or tep ^r cent., introduce a liv- 
ing plant into it, and expose it to the sunshine, the carbonic acid will 
gradually disappear as before, while the oxygen will increase. And if 
we analyse the air and estimate the exact bulk of each of these gases 
present in it at the close of our experiment, we shall find that the oxygen 
has increased generally by as much as the carbonic acid has diminished. 
That is to say, if five cubic inches of the latter have disappeared, five 
cubic inches will have been added to the bulk of the oxygen. The 
above general conclusion, therefore, is rendered more precise by this ex- 
periment, which appears to show that under the influence of the sun's 
rays the leaves of plants absorb carbonic add from the air, ana at the same 
time give off an ec^ual buuc of oxygen gas. 

And as carbonic acid (COa) contains its own bulk of oxygen gas* 
combined whh a certain known weight of carbon, it is further inferred 
that the oxygen given off by the leaves is the same which has been pre- 
viously absorbed in the form of carbonic acid, and therefore it is usually 
stated as a function of the leaves — that in ^e sumhine they absorb car- 
bonic acid from the air, decompose it in the interior of the leaf retain its 
carbon^ ana again reject or emit the oxygen it contained. 

This conclusion presents a very simple view of the relations of oxygen 
and carbonic acid respjectively to the living leaf in the presence of the 
sun, and it appears to be fairly deduced from the facts above stated. 
It has occasionally been observed, however, that the bulk of oxygen 
given off by the leaf has not been precisely equal to that of the carbonic 
acid absorbed, [see Persoz, Chimie Moleculaire, p. 54,] and hence it is 
also fairly concluded that a portion of the oxygen of the carbonic acid 
which enters the leaf is retained, and made available in the production 
of the various substances which are formed in the vascular system of 
different planu. On the other hand it is stated by Sprengel, that if com- 
pounds containing much oxygen be presented to the roots of plants, anil 
thus introduced into the circulation, they are also decomposed, and the 
oiygen they contain in part or in wbole'given off by the leaves, so that, 
under certain circumstances, the bulk of the oxygen which escapes is 
actually greater than that of the carbonic acid which is absorbed by the 
leaves. Such is the case, for example, when the roots are moistened " 
with water containing carbonic, sulphuric, or nitric acids. — fSorenffel 
Chemie, II., p» 344.] ' ® 

It is of importance to note these deviations from apparent simplicity 
in the relative bulks of the two gases which are respectively given off 
and absorbed by all living vegetables. There are numerous cases of the 
formation of substances in the interior of plants which theory would fail 
to account for with any degree of ease, were these apparent anomalies 
to be neglected. This will more distinctly appear when in a subsequent 
lecture we shall inquire how or by what chemical changes the substan- 
ces which plants contain, or of which they consist, are produced from 
the food which they draw from the air and from the soil. 

• This the reader will recoHect is proved by burning charcoal in a bottle of ozveen ms tfR 
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The most general aod probable expresaion, therefore, for the function 
of the leaf, now uoder coosideration, appears (o be that id the sunshifie 
the leaves absorb from the air carbonic acid, and at the same time * 
evolve oxygen gas, the bulk of the latter gas given off being nearly 
equal to that of the former which is taken in-»the relative bulks of the 
two gases varying more or less with the species of plant, as well as 
with the circumstances under which it is caused or is fitted to grow.* 

4^. Such is the relation of the leaf to the oxygen and carbonic acid 
of the atmosphere in the presence of the sun. During the night their 
action is reversed, they eimf tarhonic acid and absorb oxygen. This is 
proved by experiments similar to those above described. For if the 
plant which has remained under the bell-glass for 12 hours in the sun- 
ahine*-d(»ring which time the oxygen has sensibly increased, and the 
carbonic acid diminished in bulk-^^ allowed to remain in the same air 
tbitMigh the following night, the oxygen will be found to have decreased, 
while the carbonic acid will be present in larger quantity than in the 
evening of the previous day. 

The carbonic acid thus given oflf duriDg the night is supposed to be 
partly derived from the soil through the roots, and partly from the sub- 
stance of the plant itself. The oxygen absorbed either cooibines with 
the carbon of the plant to form a portion of the carbonic acid which is 
at the same time given off or is employed in producing some of the 
ether oseidueed [containing oxygen in considerable quantity] compounds 
that exist in the sap. 

As a general rule, the quantity of carbonic acid^ given off during the 
oiffbt » far CVom being equal to that which is absorbed during the day. 
SuU it is obvious that a plant loses carbon precisely in proportion to the 
amount of this gas given off. Hence, when the days are longest, the 
plant will lose the least, and where the sun is brightest it will gain the 
fastest; since other things being equal, the decomposition of carbonic 
aeid proceeds most rapidly where the sky is the clearest, and the rays 
of the sun most powerful. Hence we see why in Northern regions, 
where spring, summer, and autumn are all comprised in one lon^ day 
—-vegetation should proceed with such rapidity. The decomposition of 
ibe carbonic acid go^ on witliout intermission, the leaves have no night 
of rest, but nature has kindly provided that, where the season of 
warmth is so fieetiag* there should be no cessation to the necessary 
growth of food for man and beast. 

This comparison of the functions performed by tlje leaf, during the 
day and night respectively, explains the chemical nature of the blanching 
of vegetables practised by the gardener, as well as the cause of the pale 
colour of plants tbat grow naturally in the absence of light. 

When ex|xised to Sie sun, the leaves of these sickly vegetables evolve 
. oxygen, and gradually become green and healthy. Woody matter is 
formed, and the stems become strong and iibrous. 

The light of the sun, in the existing economy of nature, is indeed 
equally necessary to the health of plants aod of animals. The former 
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become pale and sickly, and refuse to perform their most important 
chemical functions when excluded from the light. The bloom disap- 
pears from the human cheek, the body wastes away, and the spirit 
sinks, when the unhappy prisoner is debarred from the sight of the blessed 
sun: In his system, too, the presence of light is necessary to the perfoi- 
roance of those tkemieal functions on which the heahby condition of the 
vital fluids depends. 

The processes by which oxygen and carbonic acid are respectively 
evolved in plants have been likened by physiologists to the respiratioa 
and digestion of animals. It is supposed that when plants respire they 
give ofif carbonic acid as animals do, and that when they digest they 
evolve oxygen. Respiration also, it is said, proceeds at all times, diges- 
tion only m the light of the sun. Though these views are confessedly 
conjectural, they are founded upon striking analogies, and may reason- 
ably be entertamed as matters of opinion. 

6^. Other speeies of decomposition also, besides that oi de-oxidization^ 
go on in the leaf, or are there made manifest. Thus when plants grow 
in a soil containing much common salt (chloride of sodium) or other 
chlorides, they have been observed by Sprengel and Meyen to evolve 
chloride* gas from their leaves. This takes place, hoiirever, more dur- 
ing the night than during the day. Some plants also give off ammoDia, 
(Lecture IV., p. 70,) while others (cruciferffi)i according to Dr. Daube- 
ny, [in bis Three Lectures on Agriculture, p. 59,] emit from their leaves 
pure nitrogen gas. 

The evolution of chlorine implies the previous decomposition of the 
chlorides, which have been absorbed from the soil; while that of nitro- 
gen may be due to the decomposition of ammonia, of nitric acid, or 
of some other compound containing nitrogen, which has entered into the 
circulation by the roots. The exact mcde and nature of the decompo- 
• sition of these substances, and the pur^ioses served by thep in the vegeta- 
ble economy, will come under our consideration in a 8ubse(|uent lecture. 

The leaf has been described (p. 76) as an expansion of the bark. 
It consists internally of two layers of veins or vascular fibres laid one 
over the other, the upper connected with the wood—- the lower with the 
inner bark. It is covered on both sides by a thin membrane (epidrr- . 
mis), the expansion of the outer bark. This thin membane is studded 
with numerous small pores or mouths (stomata), which vary in size and 
in number with the nature of the plant, and wiih the circumstances in 
which it is intended to grow. It is fmm the pores in the upper part of 
the leaf that substances are supposed to be exhaled^ while every thing 
that is inhaled enters by those which are observed in the under side of 
the ieaf.f Tliis opinion, however, is not universally received, it being 
admitted by some that, the power both of absorbing and of emitting 
may be possessed by the under surface of the leaf. 

7°. we have seen that the chief supply of the fluids which constitute 

* Chlorine is a gas of a greenish yelU iw colour, having an unpleasant tsste and a suffocnUng 
odour. When it comUnes with other substances it forms chloridea. It exists in, and im- 
parts its smeli to, chloride of lime, which is employed for disinfecting purposes, and it 
forms upwards of half the weight of eommon salt 

t This is illustrated by the acUon of a cabbage leaf on a wound. If the upper side be ap. 
plied, the sore is protected and qui^Iy heals, while the under side drtnca it and produces a 
constant discbaiige. 
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ihe sap of plants, is derived from the soil. The under side of the 
leaves of plants Is also supposed by some to be capable of absorbing 
moisture from the air, ehhet in the form of watery vapour, or when it 
falls upon the leaves in the state of dew. Like the roots also they may 
absorb with the dew any substances the latter happens to hold in solu- 
tion. And thus plants may, in some degree, be nourished by the vola- 
tile organic substances which .ascend from the earth during the heat of 
the day, and which are again ii^ a great measure precipitated with the 
evening dew. 

Whether the leaves ever absorb nitrogen gas from the air has not as 
yet been determined with sufficient accuracy. If they do, it must in gene- 
ral be in very small quantity only, since it has hitherto escaped detec- 
tion. In like manner it is dfoubtful how far they regularly absorb any 
other substances which (he air is supposed to contain. Thus it is known 
that nitric acid exists in the air in very minute quantity. Some chem- 
ists also believe that ammonia is extensively diffused through the atmos- 
phere in an exceedingly diluted state. Do the leaves of plants absorb 
these substances? Is the absorption of them one of the constant and ne- ' 
cessary functions of the leaves ? The reply to these c|uestions must be 
Tory uncertain, and any principle which professes to be based upon such 
a reply must be regarded only as a matter of opinion. 

8®. The petals of flower-leaves perform a somewhat different function 
from those of the ordinary leaves of a plant. They absorb oxygen at 
all times— though more by day than by night-— and they constantly emit 
carbonic acid. The bulk of the latter gas evolved, however, is less than 
that of the oxygen taken in. The absorption of oxygen gas, and the 
constant production of carbonic acid, is, in some flowers, so great as to 
cause a perceptible increase of temperature — and to this slow combus- 
tion, so to speak, the proper heat observed in the flowers of many plants 
has been attributed. 

According to some authors, the flower-leaves also emit pure nitrogen 
gas.'— [Sprengel, Chemiet II., p. 347.] This fact has not yet been deter- 
mined by a sufficient namber of accurate experiments; it is in accord- 
ance, however, with the results of Boussingault, that, when a plant 
flowers and approaches to maturity, the nitrogen it contains becomes 
less. If confirmed, this evolution of nitrogen would throw an interest- 
ing light on the most advantageous employment of green crops, both for 
the purposes of manure and for the feeding of cattle. 

9^^. When the leaves of a plant begin to decay, either naturally as in 
«utumn, or from artificial or accidental causes, they no longer absorb 
and decompose carbonic acid, even under the influence of the sun's rays. 
On the contrary, they absorb oxygen, like the petals of the flower, new 
compounds are formed within their substance — their green colour disap- 
pears-'they become yellow— they wither, die, and drop from the tree-^ 
their final function, as the organs of a living being, is discharged. They 
then undergo new clianges, are subjected to a new series of influences, 
and are made to serve new purposes in the economy of nature. These 
we sbairhereafter find to be no less interesting and important in refer- 
ence to a further end, than are the functions of the living leaf to the 
crowth and nourishment of the plant. — [See subsequent lecture, *^ On the 
law of the decay of organic substances."} 
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§ 6. FuKctions of the bark. 

The inner bark being connected with the under layer of vessels in the 
leaf, ceceivee from them the t>ap after it has been changed by the action 
of the air and light, and transmits it downwards to the root. 

The outer bark, especially in young twigs and in the stalks of the 
grasses, so closely resembles the leaves in its appearance, that we can 
have 00 difficulty in admitting that it must, not unfrequeotly, perform 
similar functions. In the Cactus, the Stapetia, and other plants which 
produce no true leaves, this outer bark seems to perform all the functkiDs 
which in other vegetable tribes are specially assigned to the abandaat 
foliage. During its descent through the inner bark, therefore, the sap 
must in very many cases undergo chemical changes, oiore or less analo- 
goes to those which usually take place in the leal. 

It is by means of the mner bark that the stems of trees, such « 
our forest and fruit trees, are enlarged by the depomtioo of annual 
layers of new wood. The woody fibre is formed or prepared ia 
the leaf, and as the sap descends it is deposited beneath the inner sur- 
face of the inner bark. It thus happens that, as the sap de8cen<)s, it ii 
gradually deprived of the substances it held in solution when it left the 
leaf, and in consequence it becomes difficult to say how niiich of the 
change, which the sap is found to have undergone when it reaches the 
root, is due to chemical transformations produced during its descent, and 
how much to the deposition of the woody fibre and other matters it has 
parted with by the way. 

Among other evidences of such changes really taking plage during 
the descent of the sap, I may mention an observatioo of Meyen [Jabrts- 
heriehtt 1839, p. 27], made m the course of his experiments on the le- 
productioQ of the bark of trees. In these experiments he encfosed the 
naked wood in strong glass tubes, and in three cases out of eight the 
tubes were burst and simttered in pieces. This could only have arisen 
from the disengagement of gaseous substances, the result of decomposi- 
tion. While, therefore* such gases as enter by the roots or are ev<ived 
in the vessels of the wood during the ascent of the sap, escape by the 
leaf along with those which are disengaged in the leaf itself, ii is proba- 
ble that those which are produced as the restilt of changes in the bark, 
descend with the downward sap, and are discharged by the root.* 

In the bark of the root it is probable that still further chaises take 
place— and of a kind which can only be effected during the absence of 
light. This is rendered probable by the fact that the bark of the root 
fim|uently contains substances which are not to be met with in any 
other part of the plant. Thus from the bark of the fiesh root of the ap- 
ple tree a substance named fhUnidzinty possessed of considerate medi- 
cal virtues, may be readily extracted, though it does not exist in the 
bark either of the stem or of the branches. 

In fine, as the food which is introduced into the stomachs of aoimab, 
undergoes continual and successive chemical changes during its pro- 
gress through the entire alimentary canal — so, numerous phenomena 
indicate that the sap of plants is also subjected to unceasing transfoima- 

* Bpfreocel Bays that the stems and twiet, and the stalks of the crssses, all abeoib ozTsaa 
•ndsiTeoffeartMmieacid.— CA«m<e, II.,p.3ll. •- -i 
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tioR9,*^iD the loot and in tlte stem as well as in the leaves,— at one time 
in the dark, at another under the influence of the sun's rays,— exposed 
'when in th« leaf to the full action of the air,— 4ind when in the root al- 
most wholly secluded from its presence ;•— the new conapounds pro- 
duced in every instance being^ suited either to the nature of the plant or 
the wants and functions of that part of it in which each tronsfbrmation 
takes place. 

To*8ome of these transfonxtatioos it will be necessary to advert more 
particularly, when we come to consider the special changes by which 
those substances of which plants chiefly consist, are formed out of these 
compounds on which they chiefly live* 

§ 7. Circumstances by ukieh the Junctions of the various parts of plants 
are modified. 
Plants grow more or less luzoiiantlv, and their several parts are 
tnore or lew largely developed, in obedience to numerous and varied 
circumstances. 

I. In regard to the special functions of the root, we have already seen 
that the access of atmospheric air is in some cases indispensable, while 
in others, by shooting vertically downwards, the roots appear to shun 
the approach of either air or light. It is obvious also that a certain de** 
gree of moisture in the soil, and a certain temperature, are necessary 
€o the most healthy discharge of the functions of the root. In hot wea* 
ther the. plant droops, because the roots do not absorb water from the 
soil with sufficient rapidity. And though it is probable that, at every 
temperature above that of absolute freezing, the food contained in the 
eoil is absorbed and transmitted mora or less slowly to the stem, yet it is 
well known that a £pBial warmth in the soil stimulates the roots to io- 
ereased activity. The practice of gardeners in applying bottom heat in 
the artificial cUmate of the green^house and conservatory is founded on 
tins well-known principle. 

But the nature of the sml in which plants grow has also much influ* 
ence on the way in which the functions of the root are discharged. As 
ft general (act this also is well known, though the special qualities of the 
eoil on which the greater or less activity of vegetation depends, are far 
from being generally anderstood. If the scnl contain a sensible quantity 
of any si%Mance which is noKioos to plants, it is plain that their roots 
will be to a certain degree enfeebled, and their functions in consequence 

n* imperfectly discharged. Or if the soil be deficient either in organic 
J or in one or other of those inorganic substances which the plants 
necessarily require for the production of their several parts, the roots 
cannot p^form their office with any degree of efficiency. Where the 
secessary materials are wanting the builder must cease to work. So in 
a soil which contaitis no silica, the grain of wheat may germinate, but 
he stalk cannot be produced in a natural or healthy state, since silica is 
indispensable to its healthy construction. 

II. The ascent of the sap is modified chiefly by the season of the 
year, by the heat of the day, and by the genus and age of the plant or 
tree. 

There seems reason to believe that the plant never sleeps, that even 
during the winter the circulation slowly proceeds, though the first 
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ffedial sunshine of the early spring stimulates it to increased activity. 
The general increased temperature of the air does not produce this ac- 
celeration in so remarkahle a manner as the direct rays of the sun. The 
sap will flow and circulate on the side of a tree on which the sunshine 
falls, while it remains sensibly stagnant on the other. This is showii by 
the cutting down similar trees at more and more advanced periods of 
the spring, and immersing their lower extremities in coloured solutions. 
The wood and bark on one side of the tree will be coloured, while, on 
the other, both will remain unstained. If a similar diflerence in the 
comparative rapidity of the circulation on opposite sides of a trunk or 
branch be supposed to prevail more or less throughout the year, we can 
readily account for the annual layers of wood being often thicker on 
the one half of the circumference of the stem than on the other. 

The sap is generally supposed to flow most rapidly during the spring, 
hut if trees be cut down «t diflerent seasons, and immersed as above 
described, the coloured solution, according to Boucherie, reaches the 
leaves most rapidly in the autumn.* 

The heat of the day, other circumstances being the same, materially 
aflects, for the time, the rapidity of the circulation. The more rapidly 
watery and o^r vapours are exhaled from the leaves, the more quick- 
ly must the sap flow upwards to supply the waste. If on two succes- 
sive days the loss by the leaves be, as in the experinlent of Hales, above 
described, (p. 90,) as 2 to 3, the ascent of the sap must be accelerated 
or retarded in a similar proportion. Hence, every sensible variation in 
the temperature and moisture of the air, must also^ to a certain extent, 
modify the flow of the sap ; must cause a greater or less transport of that 
food which the earth supplies, to be carried to every part of the plant, 
and must thus sensibly aflect the luxuriance and growth of the whole. , 

But the persistance of the leaves is a generic character, which has 
considerable influence upon the circulation in the evergreens* In the 
pine and the holly, from which the leaves do not fall in the autumn, tbe 
sap ascends and descends during all the colder mont)is,<-*at a slower 
rate, it is true, than in the hot days of summer, yet much more sensibly 
than in the oak and ash, which spread their naked arms through the 
wintery air. This is illustrated by the experiments of Boucherie, who 
has observed that in December and January the entire wood of resinous 
trees may be readily and thoroughly penetrated by the spontaneous as* 
cent of saline and other solutions, into which their stems may be im« 
mersed. 

in. From what has just been stated, it will appear that the mechani- 
cal functions of the stem are subject to precisely me same influences as 
the ascent of the sap. As the tree advances in age, the vessels of the 
interior will become more or less obliterated, and the general course of 
the sap will be gradually transferred to annual layers, more and more 

* Boucherie makes a distinction, not hitherto iosisted upon by physiologists, between the 
circulation on the surface of the tree by which the buds and young twigs are sapported, and 
the interior circulation, which is not perfect until a latter period of the year. Hence in the | 

spring, though the sap is flowins rapidly through the bark and the newest wood, colottred : 

solutions win not penetrate the interior of the tree with any degree of rapidity, m autumn, ' 

on the other haod^when the fear of approaching winter has already descended upon.thd 
bark-<^he time of most active circulation has only arrived for the interior layers of the older 
wood. It is this season consequently that he finds most favourable for impregnating the 
trunks of trees with those soluttoM which are likely to preserve them finom decay,— uiim. dt i 

CSUm. e» c2e PAys, Uziv., p. 136. 
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removed from the centre. It is this transference of tbe vital ctreula- 
lion to newer and more perfect vessels that enables the tree to grow and 
blossorn and bear frqit through so long a life. In animals the vessels 
are gradually worn out by incessant action. None of them, through 
old age, are permitted to retire from the service of the body^and the 
whole system must stop when one of them is incapacitated for tbe 
further performance of its appointed duties. 

In Regard to the chemical functions of the stem, it is obvious that they 
are not assigned to the mere woo^y matter of the vessels and cells. 
They iake place in these vessels, but the nature and extent of the chemi- 
cal changes themselves must be dependent upon the quantity and kinds 
of matter which ascend or descend in the. sap. The entire chemical 
functions of the plant, therefore, must be dependent upon and must be 
modified by the nature of the substances which the soil and the air re- 
spectively present to the roots and to the leaves. 

IV. In describing the functions of the leaf, I have already had occa- 
sion to advert to the greater number of the circumstances by which the 
discharge of those functions is most materially affected. We have seen 
that the purposes served by the leaf are entirely different according as 
the sun is above or below the horizon ; that the temperature and mois- 
ture of the air may indeed materially influence the rapidity with which 
its functions are discharged— but that the light of the sun actually deter- 
mines their nature. Thus the leaf becomes green and oxygen is given 
off in the presence of the sdn, while in his absence carbonic acid is dis- 
engaged, and the whole plant is blanched. 

How necessary light is to the health of plants may be inferred from 
the eagerness with which they appear to long for it. How intensely 
does the sun-flower watch the daily course of the sun,— how do the 
countless blossoms nightly droop when he retires,-— and the blanched 
plant strive to reach an open chink through which his light may reach 
ft !♦ 

That the warmth of tbe sun has comparatively little to do with this 
specific action of his rays on the chemical functions of the leaf, is illus- 
trated by sOme interesting experiments of Mr. Hunt, on the effect of 
rays of light of different colours on the growins plant. He sowed cress 
seed, and exposed different portions of the soil in which the seeds were 
germinating, to the action of the red, yellow, green, and blue rays, 
which were transmitted by equal thicknesses of solutions of these seve- 
ral colours. '* After ten days, there was under the blue fluid, a crop of 
cress of as bright a green as any which grew in full light and far more 
abundatit. The crop was scanty under the green fluid, and of a pale 
yellow, unhealthy colour. Under the yellow solution, only two or three 
plants appeared, but less pale than those under the ereen, — ^while be- 
neath the red, a few more plants came up than under the yellow, though 
they also were of an unhealthy colour. The red and blue bottles being 
now mtitoally transferred, (he crop formerly beneath the blue in a few 

* A potato haa been oboerved to grow tip in qaest of light from the bottom of a well 
twelveUeet deep— and in a dark cellar a shoot of20 feet In lengOi has been met with, the 
«ztrem{ty bf which had reached and rested at an open window. In the leaves of blanched 
▼ecetables peculiar chemical compounds are formed. Thus in the stallc of the potato a 
• poisonous sabstance called §okmin is produced, which disappears again when the stalk is ex- 
IXMOd to the light and becomes green. 
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day« appeared bligfaled, while on the patch previously exposed to the 
red, aome additional ptants sprung up.''* 

Besides the raya of heat and of light, the aun-beam cootains whai 
have beoD called chemical rays, oot distioguishable by our seosea, but 
capable of beiog reoogoized by the chemical effects they produce. 
These raya appear lo difier ip kind, as the rays of dilferent coloured 
light do. It is to the action of these chemical rays on the leaf, and 
especially to those which are associated with the blue light in tUt solar 
beam, that the chemical influence of the sun on the functions of the leaf 
is principally to be ascribed. 

' It cannot be doubted that the warmth and moisture of a tropical cU- 
mate act as powerfbl atimi^lanta^-fissistants it may be— to the leai^ in 
the absorption of carbonic acid from the air, and in that rapid appropria- 
tion (assimilation) of its carbon by which the growth of the plant is haa- 
tened and promoted. But the bright aun, and especially the chemical in- 
fluence of hie beams, must be regarded asthe main agent in the wonderful 
development of a tropical vegetation. Under this influence the growth 
by the leaves at the expense of the air must ha materially increased, 
and the plant be rendered less dependent upon the root and the soil for 
the food on which it lives.t 

V. The rapidity with which a plant grows baa an important influence 
npon the share which the bark is permitted to take in the general 
nourishment of the whole. The green shoot performs- in some degree 
the functions of the leaf. In vascular plants, therefore, which in a cod- 
genial climate may almost be seen to grow, the entire rind of a tall tree 
may noore or less efiectually absorb carbonic acid from the atmosphere, 
dunng the presence of the sun. The broad leaves of the palm tree« 
when fully developed, render the plant in a great degree independent of 
the schI for Organic food— and the large amount of absorbing surface in 
the long green tender stalks of the grasses, and of their tropical ana- 
logues, must materially contribute to the same end. Hence the pro- 
portioQ of organic matter derived from the air, in any crop we reap, 
most always be the greater the more rapid its general vegecation baa 
been* 



It it a foct familiariy known to all of you, that, besidea those ciieiini- 
atances by which we can perceive the special funcliona of any one or- 
gan to be modified, there are many by which the entire economy of the 
plant is materially and simultaneously aflected. On thia fact the prac- 
tice of agriculture is founded, and the various processes adopted by the 
practical farmer are only so many noodea by which ht hopes to uiflu- 

- London and Edinburgh JowncA qf Science^ February, 1840. 

Might not our cheap blue tUum be used with advaatage in glazing hotphouce«, coaserva- 
toriea, ftc. 1 , 

t The effect of eontinoed ■onehine maj be often eeen in oqr oem-fialda In Ifay, whmi, 
under the inHnence of propitiooB weather, the young plants are ahoodng xapidly up. When 
auch a field is booodedbf a loAr hedge mooing neeriy north and aoulh, the n Igea nearest 
the hedge oo either aide will beln theahade for nearly one-half of the day, and will iav«ri«. 
bly appear of a paler green and lata healthy colour. If the hedge be etuddad with occaaiom I 
Jane trees, the spots on which the shadows of those trees rest wiU be lodleated by distinct 
pale greeo paiches stretebiof further into the field tliao the fint, and someUmea even thtn 
the second ridges. 
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ence and promote the growth of the whole plant, and the discharge of 
the functions of all its parts. 

Though manures in the soil act immediately through the roots* they 
stimulate the growth of the entire plant; and though the application of 
a top-dressing ma^ be supposed first to affect the leaf, yet the beneficial 
result 6f the experiment depends upon the influence which the dressing 
may exercise on every part of the vegetable tissue. 

In connection with this part of the subject, therefore, I sliall only 
further advert to a very remarkable fact mentioned by Sprengel, which 
seems, if correct, to be susceptible of important practical applications. 
He states that it has very frequently been observed in Holstein, that if, 
on an extent of level ground sown with corn, some fields be marled, and 
others left unmarled, the corn on the latter portions will grow less luxuri- 
antly and will yield a poorer crop than if the whole had been unmarled. 
Hence he adds, if the occupier of the unmarled field would not have a 
succession of poor crops, he must marl his land also.* 

Can it really be that nature thus rewards the diligent and the impro- 
ver? Do the plants which grow on a soil in higher condition take from 
the air more than their due share of the carbonic acid or other vegetable 
food it may contain, and leave to the tenants of the poorer soil a less pro- 
portion than they might otherwise draw from it ? How many interest- 
ing reflections does such a fact as this suggest ! What Yiew views does 
it disclose of the fostering care of the great Contriver— of his kind encour- 
agement of every species of virtuous lal)our ! Can it fail to read to us a 
new and special lesson on the benefits to be derived from the application 
of skill and knowledge to the cultivation of the soil ? 

* Wenn aiUnlich anf einer Feldllar Stiick um Stiick gemeivelt wordea ist, so wachsen 
die Frttchta aaf den nicht gemerteltoa Feldem, aach weon hier alle friiheren TeriiUtniMO 
gans dic-selbeo blelbAn.nictit mebrsojnit, rIs ehedem; wodarch die Besitzer jener Felder, 
wenn sle oicht fortwUirend gerioge Eradten haben woHen, gcn&thigt sind, gleichfttts zn 
meigelo. Aug dieaer hUchat vichtigen Eracheinung, die man aehr hdufig In Holatelnacbea 
bemerkt, ^U.^'-^pnageliChemiefurLan^wirthaciu^t L, p. X3. 



LECTURE VI. 

BabfltaocM of which pluts ehlellr eoMlit— Woody fibre, Search, Gam, flagmrs— Their mo- 
Uua fotaiaoM and lranafiM«aUoiuh-Gliiten,Teg8taMe Alboman, DiaaUuM— ▲cetic, Tartaffc, 
Maiki Citric, and Oxalic Acida— Oenend obaervationa. 

From what hag been stated re^ardiqg the structure of plants, it win be 
understood in what way the food is introduced into their circulation. The 
next inquiry appears to be hoio^-hy what chemical changes — is the food, 
when introduced, converted into those substances of which plants chiefly 
consist. But in order that we may clearly understand this fxnnt, it is 
necessary that we know first the nature and chemical constitution of the 
Substances which are most largely formed from the food in the interior 
of the plant. To this poidt, therefore, I must previously direct your 
attention. 

If you were to collect all tlie varieties of plants which are within your 
reach— -whether such as are cultivated and used for food— or such as 
grow more or less abundantly in a wild state— and were to extract their 
several juices, and to separate from each of these juices the chemical 
compounds it contains— you would gradually gather together so many 
difierent substances, all possessed of difierent properties, that you would 
scarcely be able to number them. 

But if at the same time vou compared the weight of each substance 
thus collected with that of the entire plant from which it is derived, you 
would find also that the quantity of many of them is comparatively so 
minute that only a very small portion of the vital energies of the plant 
can be expended in producing them,— that they may be entirely neglect-- 
ed in a general consideration of the great products of vegetadon. Thus 
though quinine and morphine, the active ingredients in Peruvian bark 
and in opium, are most interesting substances, from their eifect upon the 
human constitution, and their use in medicine, yet they form so small a 
fraction of the mass of the entire trees or plants from which they are ex- 
tracted, that it would be idle to attempt to convey to you any notion of 
the way in which plants grow and are fed, by snowing you how such 
substances as these are pn^uced from the food on which plants live. 

While, however, the examination would satisfy you that almost 
every species of plant produced in small quantity one or more suV 
stances peculiar to itself, you would observe, at the same time, that 
every plant yielded a certain quantity of two or three substances com- 
mon to and produced by all, and in most cases constituting the greater 
portion of their bulk. Thus all trees and herbs produce wood or woody 
fibre, and of this substance you know that their chief bulk consists. 
Again, all the grains and roots you cultivate contain starch in large 
quantity, and the production of this starch is one of the great objects of 
the art of culture. The juices of trees, and of grasses, and of cultivated 
roots, contain sugar and gum, and sometimes in such quantity as to 
make their extraction a source of profit both to the grower and to the 
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manufaetarer. The floor of grain oontaios sugar also, and along with it 
two Other substanceav in amall quantity, gluteti and te^iahU aUmmen^ 
which are of much importance in reference to the nutritive qualities of 
the difierent varieties of flour. Sagar is also present in the juices of 
fruits, but it is there associated with various acid (sour) substances 
which disappear to a certain extent or change into sugar as the fruit 
ripens. 

^ Of these few substances the great bulk of vegetables of all kinds con- 
sista* They constitute nearly the whole mass of those various crops 
which the art of culture studies to raise for the use of man and beast. 
To the study of these snbstaoces, therefore, I shall at present confine 
your attention, and if I shall afterwards be abte to make you under- 
stand how these few compound bodies are produced in the mterior of a 
plant from the food it takes up, I shall succeed in conveying to you as 
much information in regard to this most interesting branch of our subject 
as will be necessaiy to a general explanation not only of the natural 
growth and increase of plants, but of the nature and efficacy of those 
artificial means which the practical farmer employs, in order to hasten 
their growth or enlarge their increase. 

§ 1. Woody fibre or ligninr^its constitution and properties* 
1®. When a portion of the stem of a herbaceous plant, or of the new- 
ly cut wood of the trunk or branch of a tree, is reduced to small pieces, 
and boiled in successive portions of water and alcohol, as long as any 
thing is taken up, a white fibrous mass remains, to which the name of 
woody fibre or lignin has been given. Thb substance has no taste or 
smell, and is perfectly insoluble in water. It is nearly identical in its 
chemical constitution and properties, whether it be obtained from the . 
porous willow, ex from the solid box tree, and the fibres of linen and of 
cotton consist essentially of the same substances. 

According to the analysis of Dr. Prout, this woody fibre when dried 
at 350° F., consists of 

From Box Wood. From the Willow. 

Carbon 50-0 49-8 

Hydrogen .... 6'65 6'68 

Oxygen .... 44-45 44-62 

100 100 

It will be recollected that water consisu of oxygen and hydrogen, 
combined in the proportion, by weight, of 8 of the former to 1 of the lat- 
ter. (See Lecture II., p. 36.) Now if the hydrogen above given be 
multiplied by 8, the product will be found to be almost exactly the 
weight of the oxygen given — since 

6-55 X 8 = 44-40, and 
5-58 X 8 = 44-64. 
In woody fibre, therefore, the hydrogen and oxygen exist in the same 
proportion bb in water, and its composition, therefore, might be repre- 
sented by 

Carbon . 500 

Water » 50 

100 



104 coMroMTioir or wood. 

did we not know tbat woody fibre, when heated or distilled, cannot be 
resolved into carbon (charcoal) and water alone^ and, therefore, eannoc 
be supposed to conwist of these alone. 

It is a remarkable character of this substance, however, that these two 
elements, hydrogen and oxygen, exist in it in the proportions to form 
water, and we shall find the knowledge of this fact of great importance 
to us, when we come to inquire how this constituent of vegetables is 
formed— from the food on which they live. 

2^. If a portion of the wood of a tree be dried and analyzed withaiU 

being previously digested in water, alcohol, and ether, as long as any 

thing is taken up, Ihe proportion of the constituents is found to vary 

slightly with the species of tree, but in all cases the hydrogen is in larger 

quantity than is necessary to form water with the oxygen they contain. 

Thus, according to Pay en, the dry wood of the foUowmg trees consists of 

Ebony. Walnut Oak. Beeeli. 

Carbon . . . 52-85 51-92 5000 49-26 

Hydrogen . . 6-00 5 96 6-20 610 

Oxygen . . • 4115 42-12 43-80 44-66 

100 100 100 100 

The carbon in these several kinds of wood differs as much as three 
per cent., but in each of them the product of the hydrogen, when multi- 
plied by 8, is considerably greater than the per centage of oxygen. 

3°. When the solid substance of wood is examin^ under the micro- 
scope it is observed to consist of two portions or kinds of matter, that of 
which the original sides of the cells and tubes is composed, called the 
cellular maiJter— the true woody fibre — and of a solid substance by which 
the cells are internally coated and strengthened, called the incrusting 
matter. It is in this latter substance that the excess of hydrogen, exhi* 
bited by the preceding analysis, is supposed to exist, the true woody 
fibre containing always the hydrogen and oxygen in the proportions ne- 
cessary to form water.* 

' Payen at flret considered thia incnuting matter as a pecaliar sabatance, for which he 
proposed the name of aderogene. His first mode of separating It tram the cellular matter 
waa b/ treating the finely rasped wood (of the oak and beech) with nitric acid, which die- 
solved out the incrusting matter and left the cellular matter behind. His second mode waa 
to digest the wood with dilute sulphuric acid, by which the cellular matter was dissolTed 
out, and the incrusting matter left. It is obvious, however, that no reliance whatever can be 
placed on the analyses of substances so treated, since they oanoot fail to Iwve undergone a 
chemical change by being exposed to the action of these strong acids. Further examination 
has satisfied Payen that the incrusting matter consists of at least thre% subsUnces, of which 
one is soluble in water, aleohol, and ether, another in alcohol only, while the third is insola. 
ble in any of these liquids. They are composed, according to his analyses, of 

ISoluble in Soluble In 

Insoluble. alcohol only. , water and alcoboL 

Carbon ... 48 62-8 68-58 

Hydrogen ... 6 6-9 704 

Oxygen ... 46 31-3 a4-4S<' 

loo 100 100 

It is impossible to say how ftur the substaaees analysed by Payen are to be consldend aa 
pure, or aa actually existing in the pores, or in the incrusting matter of the woody fibre, but > 
ttis obvious that the presence of a variable quantity of such substances will necessarily 
caose tliat excess of hydrogen, In the entire wood, which Appears In the analysis of the ebo- 
ny, walnut, oalc, and beech woods, given in the texf. Tliat such an excess of hydrogen 
•hove what Is necessary to form water with the oxygen, does exist In the wood of moat trees 

[^ Meyen'gya^ssftemM, 1839, p. la] 
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It is exceediogly difficult in any case to separate the cellular from the 
incrusting matter of wood, so as to obtain the means of determining by 
analysis the exact difference in their elementary constitution. Under 
the impression that in very light and porous substances he should ob- 
tain the cellular matter in a purer form, Payen analysed the fibre of 
cotton— the pith of the elder, the cellular substance of the cucumber, of 
the mushroom, and of other fungi, the spongy matter which fornps the 
extremities of the roots of plants, and various other similar substances, 
aad in all these varieties he found the hydrogen and oxygen to exist in 
the proportions to form water. The mean of his analyses was very 
nearly as fbllows^-which for the purpose of comparison I shall contrast 
with that of Dr. Prout^ 

Wood J fibre of box and Cellular matter of nuKU' 

willow— Dr. Proot . lar plants— Payen. 
Carbon . . . 5000 44-80 

Hydrogen . . 5-56 6-20 

Oxygen . . . 44-45 49-0 

100 100* 

Id both these analyses the hydrogen is very nearly 8 times that of 
the oxygen. All these substances, therefore, may be represented by 
carbon and water, though the woody fibre of Dr. Prout contains 5 per 
cent, more carbon than the cellular matter of Payen. 

If we calculate the number of equivalents of each element contained 
in. these two varietiesf of vegetable fibre composed as above exhibited, 
we find in the one 12 of carbon, 8 of hydrogen, and 8 of oxygen ; in 
the other, 12 of carbon, 10 of hydrogen, and 10 of oxygen. They may, 
therefore, be conveniently represented by the following formulae : 
WooDT Fibre * . . . . by C,a H, C, 
Cellular Fibre. ... by Cia Hjo C,© 
It is not unlikely that both of these forms of matter may exist, as 
well in the perfect wood of trees as in the less consolidated pith of the 
elder, or in the fibres of cotton^and that they may occur intermingled 
also in varying proportions with other substances, containing hydrogeq 
in excess.^ 

in its natural state. Is a fact to which it will be Important to advert when we eohsider here 
iifter the chemical changes which the food undergoes in the interior of the plant. 

* Meyen's JaknaUrickt, 1839, p. 10. 

t This is done verj simplj by diTlding the caiton by 6, and the oxygen by 8 (see page 
86), tlius— 

Carbon • • • 60-^6 = 8■33 C which numbers )\2 
Hydcogen * • 5-66 =5*65 2 are to each > 8 
Oxygen . • .4445-^8 = 565 ( oUieras ) 8 

X The existence of a variety of cellular fibre identicitl in consUtulion with common starch, 
as this of Payen is, (see subsequent section, p. 106,) was previously rendered probable by 
the observations of Pr. Bchlelden, that the embryo of the Sehotia UUifolia^ consisting of 
pores and vessels, the sides of which exhibit distinct concentric layers. Is entirely soluble 
bi water, with the exception of the outer rind ; and that Its solution becomes blue on th« 
^ additlott of iodine. It would appear as If the cellular substance were in this case wholly 
composed of Starch. {Poggenaorfa Armaleny xliil., p. 998.) It may, however, be in such a 
slate of tenuity In the embryo of this plant, as to be easily changed into starch by the action 
of hot water; and it is still by no means certain that the cellular fibre analyzed by Payen 
■lay.not also have undergone a change by the treatment to which it was previously subject-* 
•d. I «m unable, however, to speali decidedly on this subject, as I have not seen the de> 
mils of M. Payen^s several papers. (See subsequent secUon, on the mutual trantfarmatumM 
^W99dffibn, wtanhtgumtondiugary p. 112.) 
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I hav0 (ipoken of these varieties of woody fibre as constituting a large 
portion of the entire mass of vegetable matter produced during t£e 
growth of plants. That snefa is the case in the more gigantic vegetable 
productions, of which the great Ibreets consist, is sufficiently evident, 
and so far the general statement is easily seen to be correct. It is also 
true of the dried stalks of the grasses and the corn-growing plants, of 
which it forms nearly one-half the weight,*— but in roots and some 

Elants which are raised for food, the quantity of woody fibre,, especially 
1 the earlier stages of their growth, is comparatively small.* Thus in 
the beet root it fimns only 3 per cent, of the whole weight when taken 
fix>m the ground. If su&red to remain in the soil till it becomes c4d, 
or if the growth be very slow, the beet becomes more woody, as many 
other roots do, and the quantity of ligneous fibre inicreases. 

§ 2. Starchr^ils constiluUon and properties. 

Next to woody fibre, starch is probably the most abundant product of 
vegetation. To the agriculturist it is a substance of much more interest 
and importance than the woody or cellular fibre, from the value it pos- 
sesses as one of the staple ingredients in the food of man and animai»*-> 
and from its forming a lar^e portion of the weight cff the various grains 
and roots which are the principal objects of the art of culture. 

1°. When the flour of wheat, barley, oats, Indian com, &c., is mixed 
up into a dough with water, and this dough washed on a linen cloth 
with pure water, a milky liquid passes through, from which, when set 
aside, a white powder gradually falls. This white powder is the stca-di 
of wheaten or other fiour. 

2^. When the pith of the sago palm is washed, in a similar manner, 
with water upon a fine sieve, a white powder is deposited by the milky 
liquid which passes through. This, when collected, forced through a 
metal sieve to granulate (or com) it, and dried by agitation over the 
fire, is the sago of commerce. 

* The foQowinf tablo shows Oie per eeotage of woodj fibre eootaised in tome 
plMts in UiegreearaiAte, and wb«n dried In Uia.aigv«sdet212o : 

nX THS ORBBH STAT«. 

Dried in the air. Dried at 2I20. Woody fibre. Water. 

percent. ^ percent percent percent. 

Bariey atraw, ripe 60 — ^ ~ 

Oatau«w, do. — 47 -~ — 

Maize atraw, do. M — ~ ~ 

Stallcaofthe field pea- . . . _ ^ iqu qq 

Beld bean airaw 61 ~ ^ ... 

Whttetomlp — — 3 ge 

Common beet (beta mlfaria) . — ^ S 86 

Young twigs of conuDootbrae- — — SM 60 

Rape straw, ripe --. 56 UH 7T 

Turt straw, do. 37 — -.• ~ 

Vetch plant (▼. sativa) • • • 48 — 10)^ tTH 

Do. (V. cracca) in flower — •— 6i< 66 

Do. (▼. narbonensla) do. — •— li^ §5 

White lupin, in flower, ... — _ 7 qb 

Lucerne, in flower, . . . . ^ ^ 9 73 

Ryegrasa, do. - - . n aS 

Red clover, do. ..... — — 7 79 

White clover, do. • .... — — ^H 81 

Trefoil (medium) do. • • • ~ -^ 8)2 ' 73 

Sainfoin (eapaisetle) .... — _ .7 71^ 

Trefoil (agrariuffO bi flower • — -i IS fli 

Do. (rnbenO do. . * •— -~ 15 qb 
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3^. When the ratv potato is peeled and grated on a fine grater, and 
the pulp thus produced well "washed with water, potato starch is ob- , 
tained in the form of a fine white powder, consisting of rounded, glossy 
and shining particles. 

4*. When the roots' of the Maranta Anmdiriacea ofihe West In^ia 
Islands are grated and washed like the potatoe, they yield the arrom 
root of commerce. From the root of the Manioc, the cassava is pro- 
cured by a similar process, and this, when dried by agitation on a hot 
plate, is the tapioca of the shops. By this method of drying, both sago 
and tapioca undergo a partial change, which will be explained in a sdb- 
seouient section (see p. 113.) 

- The substances to which these several names are given are, when 
pure, similar in their properties, and identical in their chemical consti- 
tution. They are all colouriess, tasteless, without smell, when dry 
and in a dry place may be kept for any length of time without under- 
going alteration, are insoluble in cold water or alcohol, dissolve readily 
in boiling water, igiving a solution which gelatinizes (becomes a jelly) 
on cooling— and in a cold solution of iodine* they all become blue. 

When dried at 212^, they consist, according to Dr. Prout, with whose 
analysis those of other chemists agree, of 

Carbon . . . . . 44*0 per cem., or 12 atoms. 
Hydrogen . . . . 6*2 per cent., or 10 atoms. 
Oxygen 49-6 per cent., or 10 atoms. 

100 
Starch, therefore, may be represented by the formula Ci 3 H,o O,o, 
which is identical with that Reduced in the preceding section for the 
ctllidar fibre of Payen. Both substances, therefore, contain the samo 
elem^ts (carbon, hydrogen and oxygen), united in the same propor- 
tions, and in both, as well as in the common fibre of wood, the hydrogen 
and oxygen exists in the proportion to form water. 

That starch constitutes a large portion of the weight of grains andioots, 
usually grown for food, will appear from the following table, which ex- 
hibits the quantity present in 100 lbs. of each substance named : 

Starch per cent. 

Wheat flour * 39 to 77 

Rye •• 60 to 61 

Barley •' . . * 67 to 70 

Oatmeal 70 to 80 

Rice flour 84 to 85 

Maize •• . 77 to 80 

Buckwheat 52 

Pea and Bean meal 42 to 43 

Potatoes, containing 73 to 78 of water, • 13 to 15 
It thus exists most largely in the seeds of plants, and in some roots. 
It is frequently deposited, however, among the woody fibre of certain 
trees, as ia that of the willow, and in the inner bark of others, aA in 

* IcxtinB 4s » solid tobataoce, of a Iwd-grcT cobur, powMMed of « peeuliar powerftil 
odoOT) and formlnx when heated a beaiitifol ▼toiet vapour. U eictsta In anudl quantity in aea 
water, and in some marine plants. lU aolutidn hi water readily fhpws the presence of 
■larch, by the bhie colour it imparta to it. 
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those of , the beech and the pine.* Hence the readiness with which a 
branch of the willow takes root and sprouts, and hence also the occa- 
sional use of the inner bark of trees for food, especially in northern coun« 
tries, and in times of scarcity. In some roots whicn abound in sugar, 
as in those of the beet, the turnip, and the carrot, only 2 or 3 per cent, 
of starch can be detected. 

§3. Gumr-4t8 constitution and properties. 

The variety of gum with which we are most fomiliar is gum ara&tc, | 
or Senegal, the pr^uce of various species of acacia^ which grow in the | 
warmer regions of Asia, Africa, and Anierica. It exudes from the | 
twigs and stems of these trees^ and collects in rounded more or less 
transparent drops or tears. It is also produced in smaller quantities in 
many of our fruit trees, as the apple, the plum, and the cherry ; it is 
present in some herbaceous plants, as in the althsea and malv^a officinalis 
(common and marsh mallow) ; and it exisu in lint, rape, and many 
other seeds. When treated with boiling water these plants and seeds 
give mucilaginous solutions. 

Many varieties of gum occur in nature, but they are all characterised 
by being insoluble in alcohol, by dissolving or becoming gelatinous in 
hot or cold water, and bv giving mucOaginotis^^Yiacid and glutinous— 
solutions, which may be employed as a paste. 

Three distinct species of gum have been recognised by chemists : 

1°. Arabirir^oC which gum arabic and gum Senegal almost entirely 
consist. It is readily soli&le in cold water, giving a viscid solution, usu- 
ally known by the name of the mucilage of gum arabic. 

2°. Ctfra«in— which exists in the gum of the cherry-tree. It is inso- 
Ittble in cold water, but dissolves readily in hailing water. When thus 
dissolved it may be dried without losing its solubility, and is therefore by 
boiling supposed to be changed into arabin. 

3°. Bo^AoriTi— existing in what is called bassora gumr-^&nd forming 
a large portion of gum tragacanth.f It sweUs and becomes gelatinous in 
cold water, but does not dissolve in water either cold or hot* 

By these characters, the three kinds of gum are not only readily dis- 
tiu^uished, but may be easily separated from each other. Thus if a 
native gum or an artificial mixture contain all the three, simple steeping 
in and subsequent washing with cold water, will separate the arabin^^ 
boiling water will then take up the cerasin, and the oassorin will remain 
behind. 

These different kinds of gum all possess the same chemical constitu- 
tion. According to the analyses of Mulder, they consist of 
Carbon . . . 45*10 per cent., or 12 atoms. 
Hydrogen . . 6- 10 *' or 10 " 

Oxygen ... 48-80t " or 10 *• 

100 

* Its preienee is resdflr detected In saeta wood by a drop of «he solution of Iodine— whieh 
tflves a permanent blue to starch, bat to the woody fibre only a brownish stain. 

t This gum exists alone with starch in the roots of the nuriooa species of erdUv, espeeiallr 
of those which are used lor making «t{gE»<Meyen>. 

t Beraelius ArabtrStt^e, 1839, p. 443. 
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^ In these analyses, as in those of starch and woody fibre, we see that 
the per centage of oxygen is equal to that of the hydrogen multiplied by 
8, and consequently that these two elements are, as already stated, in 
the proportion to form water. But we see also that the carbon is in the 
proportion of 12 atoms or equivalents to 10 of each of the other con- 
8tituents> and therefore gum may be represented by t , , H, . O, o— a 
formula which is identical with that already given for starch and cellu- 
lar fibre. 

It appears, therefore, that not only may gum, starch, and ceUuLar fibre be 
represented by carbon and water, but that they (Al consist of carbon and 
the elements of water, united Pogetherin ike sf^me prop&ttions. 

Gum not only exists in many seeds, and exude* as a natural product 
.from the stems and twigs of many trees, but is also contained in the 
jukes of many other trees, from which it is not known to exude ; and in 
the sap of most plants it may be detected in greater or less quantity. It 
may he considered, indeed, as one of those substances which are pro- 
duced most largely and most abundantly in the vegetable kingdom, 
since, as will hereafter appear, it is one of those forms of combination 
through which organic matter passes in the interesting series of changes 
it undergoes during the development add growth of the plant. 

§ 4. OfSugar^ls varieties and chemical constitution. 
1°. Cane «SM^ar.— Sugar, identical in constitution and properties with 
that obtained from the sugar-cane, and generally known by the name of 
tone'sum, exisu in the juices of many trees, plants, and roots. Iq the 
United States of North America the juice of the maple tree is extensive- 
ly >oollected in spring, and when boiled down yields an abundant supply 
cHf sugar. In the Caucasus that of the walnut is.extracted for the same 
purpose. The juice of the birch also contains sugar, and it may be ob- 
tained, in lesser quantity, from the sap of many other trees. In the 
juice of ibe turnip, carrot, and beet, it is also present, and in France and 
Germany the latter root is extensively cultivated for the manufacture of 
beet sugar. In the-unripe grains of corn, at tlie base of the flowers of 
many grasses and clovers when in blossom, and even in many small 
roots, as in that of the quicken or couch-grass (triticum repens), the pre* 
•ence of sugar may likewise be readily <&tected. 

Sugar is principally distinguished by iu agreeable sweet taste. 
When pure, it is colourless and free from smell. It dissolves readily 
in alcohol and in large quantity in water. The solution in water, when 
muck sugar is present, has an oily consistence, and is known by the name 
of ^rup. F^om this syrup the sugar gradually deposits itself in the^ 
form of sugar candy. If the syrup be boiled on too hot a fijre, it chars 
■lightly, becomes discoloured, and a quantity of molasses is formed. 
Pure cane-sugar, free from water, consists of 

Carbon . . . 44*92 per cent., or 12 atoms. 
Hydrogen . . 6-11 •* or 10 ** 

Oxygen . . . 48*97 " or 10 " 

V 100 

If we compare these nutnbers with those given for starch and gum in 
the preceding sections, we see that they are almost ideptical— so that 
10 
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cane-sugar also contaiiw oxygen and bydrogen in the proportions to form 
water, and may likewise be represented by the formula 0^ Hi« 0,i|. 

2°. Qrape sugar. — In the juice of ibe grape a peculiar species of su- 
gar exists, whicbr in the dried raisin, presents itself in the form of little 
rounded grains. The same kind of sugar gives their sweetness to the 
gooseberry, the currant, the apple, pear, plum, apricot, and most other 
fruits. It is also the sweet substence of the chesnut, of the brewers* 
wort, and of aU fermented liquors, and it is the solid sugar which floats 
in rounded grains in liquid honey, and which increa9es in apparent 
quantity as the honey, by keeping, becomes more and more solid. 

Grape sugar haa nearly aU the sensible characters of cane sugar, with 
the exception of being le^ soluble in water and also less sweet,— -2 parts 
of the latter impardog an equal sweetness with 5 of the former. 

In chemical constitution they difier considerably* Thua grape augar 
dried at 250^ F*, consists c^ 

Carbon • • . 40*47 per cent., or 13 atoms. 
Hydrogen . . 6-59 *♦ or 12 •♦ 
Oxygen . . . 52-94 ** or 12 *• 

100 

The oxygen here is still eight times greater than the hydrogen, aixi, 
therefore, m this variety of sugar also, these elements exist in the pro- 
portiona to fbrm water. Bat for every 12 eqaivalenta ii[ carbon, dry 
grape sugar contains 12 of hydrogen and 12 of oxygen. It is oonse- 
qaently repreeented by G 1 9 H, 2 0, 3, and contains the elemems of two 
atoms of water (Ha O,) more than cane sugar.* 

3°. Mainna mgar^ sugar of Uqttorice, ^.—Besides the cane and grape 
sugars which occur in large quantity in the juices^ of plants, there are 
other varieties which occur less abundantly, and are therefore of leee in- 
terest in the study of (he general vegetation of the globe. Among these 
h manna^ which partly eitudes and is partly obtaiflKsd by incisions froiu 
eertain species of the cuh tree which frraw in the warmer countries of 
Southern Europe (Sioilv and Italy\, end in Syria and Arabia. It idso 
exists, it is said, in the juice of the larch tree^ of common celery, and of 
certain trees which are met with in N«w South Wales. Liquofice root 
also contains a species of blade sugar, which is known in tbia country 
under the names of Spanish and Italian juice, from the oouotriea where 
U is grown. In the mushroom and other /uagt a colourless variety, ap- 
parently peculiar, has alsp been met with,-»and milk owes its sweet* 
nese to a species x>f sugar formed in the interior of the animal abog.wiih 
the other sabstances which the milk contains. 

These several kinds of sugar diifer more or less, not only in sensilfle 
and chemicai properties, but also in chemical constitution, from the raor« 
abundant cane and grape sugars--i*but they form too small a part of the 
general products of vegetation, and are of too little consequence in practi- 



* eolations of e«iie and 9«pe siuar are readtW distingatohed from each other by the fol- 
lowing chemical characters :—!> If the solution be heated and a few drops of solphiirle acid 
then added, cane sugar will be decomposed, blackened, and made to fall as a Uaek or brown 
powder— while a solution of grape sugar will at the most be only slightly discoloured. 2. If, 
lost^qfsalphQrifi acid, cfu/tflo. potash be employed, the cane sugar will be unchannd, 
whUe the grape sugar win be blackened and Uuown down. 
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cat agriculKire to render it necessary to do more tban thus sfaiortly ad« 
Ten to their existence^* 

§ 3« Midual rdktitms of woody fibie^ 9tar^^ gum^and sugof^ 
It may be interesting now to consider for a aioment the mutual rela- 
tions of the several substances, woody fibre, starch, giun, and sugars— 
above described-^which occur so largely in the vegetable kingdom, and 
are serviceable to man for so many difierent purposes. These relations 
will be best seen on comparing the formulae by which they are respec- 
tively represented. Tbus^— 

WooDT S^iBRS (lignin) is represented by 

CELz.ULAaFiBaE(accordingto Payen) by 

^TAHCii (dried at 212® F.) by 

GoM ^ (any of the 3 varieties) by 

Caivc SiTOAli (free from water) by 

Grape Su&Ar (dried at 130^ F.) by 

In these formulee we observe— 
1^. That the eqivalents of the oxygen are equal .to those of the hydro- 
gen in aU the Ibrmulae, and, therefore, that all these sobstimces may be 
mtppoged to consist of carbon and water. 

2°. The formulae for cellular fibre, starch, gum, and cane suffar, are 
identical. They eonsisi of the same ekmenis tmiied iogeiher m 3ie game 
jfr^oftUns. 

This is one of those facts which not only appear very remarkable to 
the uftlearned, but me scarcely capable of being clearly comprehended 
and ei^plained, even by those wiio have most profoundly studied this 
branch of natural science. Starch and sugar— -how difierent their 
properties ! how unlike their uses ! how unequal their importsnee to the 
human race! yet they consist of the same weights of the same substances, 
^lierently conjoined. The skilful architect can put together the same 
fHvportions of the same stone and ceme^t-^and the painter can combine 
the same colours so as to produce a thousand varied impresmoos on the 
sense of sieht. In the hand of Deity matter is infinitely more plastic. 
At His bi&ing the same particles can anhe in tlie sante xfiiantity so as 
to produce the most unlike impressions— and on all our -senses at once. 

3*^. A knowledge of the above close relations in composition, among 
a class of substances oocnrrtng so ftbundantly in the vegetablekii^om, 
imparts a degree of simplicity to our ideas of this otherwise cemplioated 
subject. It does not appear so mysterious that we should have woody 
fibre, and stareh, and gumt and sugar, occurring together in variable 
quantities, when we know that they are all made up of the same ma- 
terials, in the same or nearly the simie proportion»^-ar that one of 4hese 
should occasionally disappear from a plant, to be rej^aeed in whole or 
in part by another. 

* Pora list of plants from which sugar has been extracted, see Thomson's OrgaittrCkgmk- 
iry099S),p.9^7. 

t Crystallised cane sugar (sugar caodyVtoses 5*3 percent, of water in (avoorabls cfrcum* 
stanctiH. Thfs is equal to one equtvalont (HO), so that if di^ sugar be Cis Hia Olo, cnrstaUlsed 
sugar is Cit Hi I Oi i~or Ci2 Hie Oio-)-HO, shice there is no doubt that this one equivalent cff 
the hydivcen and oxygen exists In crystallized sugar hi the state of water, hi like manner, 
crystallissed honey or grape sugar-^^s it occurs in honey or in the driedjrape— loses 9 per 
csint. af water when heated te ^60^ F. This is equal to two equivakmie (!aiO>, so that crys- 
talused grapa sugar is represented by Ci8 Hi4 Om or Cis His Oiii+SHO. 



1X2 MUTUAL TKAHSFO&HATlOIfB OF RTA&Cfl, OUM, ETC. 

. A further quesUoD, however, arises in our minds. We naturally ask, 
-^oes nature^ in thus removing one of these compounds, and supplying 
its place by another, actually form from its elements the new substance 
introduced, or does she produce it by a mere change or transformation 
of those previously existing. A satisfactory reply to this question may 
be derived from the facts detailed in the following section. < 

§ 6. Mutual tranrformations xtf tooody fibres ttarck^ gum^ and sugar. 

I.— WOODT FIBRE. 

1 ^. Action ofheat.-^li wo6d be reduced to the state of fine saw-dust, be 
then boiled in water to separate everything soluble, afterwards dried by 
a gentle heat, and then heated several times in a baker's oven, it will be- 
come hard and crisp, and may be ground in t he cnill into a fine meal. The 
powder thus obtained is slightly yellow in colour, but has a taste and 
smell similar to the flour of wheat ; it ferments when made into a paste 
with yeast or leaven, and when baked gives a light homogeneous bread. 
Boiled with water, it yields a stiff tremulous jelly, like that from 
starch (Autenrieth»— Schiibler, Agricultur Chemie^ i*, p* 224.) By the 
agency of heat, therefore, it appears that the woody fibre may he changed 
into atarck. 

2°. Actwm of sulphuric ocufw— If to three parts of the sulphuric acid 
of the shops (oil of vitriol) one part of water be added, and a portion of 
delicate woody fibre be immersed in it for half a minute, and the whole 
then rubbed in a mortar with a few drops of a solution of iodine — Ihe 
woody fibre will assume a blue colour^ showing that it is in part at least 
changed into stardi* (Schieiden). 

Again, if three parts of fine saw-dust or of fragments of old linen be 
rubl^ in a mortar with four of the sulphuric acid of the shops added 
by degrees-^it will, in a quarter of an hour, be rendered completely so- 
luble in water. If the solution in water be freed from epid by chalk, and 
then evaporated, a substance resembling gum arable is obtained (Bra- 
connot). According to Schleiden, the fibre may be seen under the mi- 
croscope gradually to change fix>m without inwards, first into starch and 
then into gum. 

Further, if this gum be digested with a second portion of sulphuric 
acid diluted with 8 or 10 times its weight of water, it will be gradually 
converted into^ope sugar ; or the fibre of wood or linen may be changed 
directly into sugar by the prolonged action of dilute sulphuric add. 

3^. Action of potash, — If saw-dust be mixed with from two to eight 
times its weight of hydratef of potash and as much water, and boiled 
till a crust forms on the surface, and if dilute sulphuric acid be then added 
till the whole is slightly sour, the undestroyed woody fibre will give an 

* It wUl b« recollected that atarch is chaneterized by giving a blae colour with a aoluUon of 
iodine (see p. 107). 

The simplest way of trying this experiment is, to take a quantity of clean cotton— to wet 
it with water, squeezing out again as much as possible— then to spread it out upon a flat dish 
and moisten it quickly and thoroughly with the acid diluted as above. After half a minute, 
add the solution of iodine, stir quickly with a glass rod, and immediately add water, when 
the blue compound of iodine and starch vrili speedily deposit itself. -(Schleiden, Pog. AnnaL, 
jdiii., p. 396.) 

t Hydrste of potash is the eanslic aabslsnee which Is obtained by boiling common pearl- 
ash wiOi quick lims. ' — » I— 
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instftDtaneous deep blue on the addition of iodine, showing that stardh 
has been formed. 

Wood^^ fibre* therefbre, may be changed into starch, either by the un- 
aided action of heat, by that of sulphuric acid, or by boiling with caustic 
potash,— and the starch thus produced may be further transformed, first 
into gum and then into grape sugar, by the prolonged action of dilute 
sulphuric acid, assisted by a moderate heat. 

II. STARCH. 

1**. Action of fccai.— When flour, potato, or arrow-root starch is 
spread out upon a tray, then introduced into an oven and gradually 
heated to a temperature not exceeding 300° F., it slowly changes, ac- 
quires a yellow or brownish tint according to the temperature employed, 
and becomes entirely soluble in cold water. It is changed into gum. 
Under the names of starch-gum, or British-gum, this substance is large- 
ly ^manufactured in this country, and is successfully substituted for gum 
arable by the calico-printers in thickening many of their colours.* 

The gum thus prepared not unfrequently also possesses a sweet taste, 
fiom the further change of a portion of the gum into sugar. 

2°. Action o/*f/;ater.— When starch is dissolved in boiling water, and 
is then allowed to stand in the cold either in a close vessel or exposed to 
the air, it gradually changes into gum or sugar. The process, however, 
is slow, and montHs must elapse before the whole of the starch is thus 
spontaneously transformed in the presence of water (De Saussure). It 
takes place more rapidly when starch and water are boiled together for 
a length of time. 

3°. Action ofstUphurie act(/.-— From what has been already stated in 
regard to the action of thb acid on woody fibre it will readily be supposed 
that native starch, of any variety, is likely to undergo transformation 
when subjected to its influence. 

In reality, if 50 parts of starch, 12 of sulphuric acid, and 139 of water 
be taken, and if the starch be thoroughly moistened with a portion of the 
water, and then poured into the mixture of the acid with the remainder 
of the water, and heated to 190° F., the starch will be entirely convert- 
ed into gum. By further and more prolonged heating this gum is 
chatiged into grape sugar. The gum or sugar may be obtained in a 
separate state by adding to the sokttion either chalk or lime, which will 
combine with and carry down the acid.f One hundred pounds of starch 
treatiHl in this way will yield from 105 to 122 lbs. of dry grape sugar. 

The rapidity with which this transformation takes place depends 
partly 41 pon the temperature and partly upon the proportion of acid em- 
ployed. Thus 100 lbs. of starch mixed with 600 of water and 10 of 
sulphuric acid, will be converted into grape sugar by boiling for seven 
hours. If by increasing the pressure the temperature be raised to 250° 
F., the transformation will be efiected in Sifew minutes. With only one 

* Durinf the bakinf of bread this convension of starch into gam takes place to a consider, 
able extent. Thus Yogel found that flour which contained no gum gave, when baked, a 
bread of which 18 per cent., or nearly onefitth of the whole wel«ht. consisted of gum. 
Thus one of the effects of baking is to render the flour-starch more solubl0, and therefore 0) 
more easily digestible. 

t It forms gypmm with it (sulphate of Ume) which U a compoood of lime mnd solphuilo 
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poand ofaold and the same.qaantity of starch and water, the chaace 
will be eflected in three hours by a temperature of 230° F* This moda 
of cooverting potato starch into grape sugar is said to be extensively 
practised in Franee, for the purpose of subsequently fbrmeotix^ the 
sugar and oooTeiting it into hrtmdy. 

Ill* GUM* 

Action ofstdpkurie acu£*— If powdered guoa arable be rubbed in a 
mortar with the sulphuric acid of the shops, a brownish solution is ob- 
tained, whiQh« when diluted with water and treated with chalk, yields a 
gummy substaace similar to that obtained in the same way from starch 
and woody fibre* Prolonged digestion with diluted acid converts a por- 
tion of this gam into sugar* — [Berzelius, TraiUde ChemiCt (1831), v*« 
p,217.] 

lY*-— CANS SUOAa. 

1°* Actum ofheat,'^When crystallized cane sugar ia heated to 320* 
F. it melts, and if the temperature be raised to 360° F. it gives oflTtwo 
atoms of water and is changed into caramel. This earamel is an un- 
crystallizable sugar, which is generally present in artificial syrups, and 
is often of a brownish colour. It contains the elements of an atom of 
water less than cane sugar, and is represented by Cj^ Hg Og* It is 
not known to occur in the natural juices of plants* 

2^. Action ofsitlphuric acid.'^When cane sugar is digested with di- 
lute sulphuric acid, aided by a gentle heat, it is rapidly converted into 
grape sugar. The acid of grapes (tartaric acid) and many other vege- 
table acids produce a similar change. 

It is obvious that this conversion of cane into grape sugar can only 
take place in the presence of water, inasmuch, as has already been 
shown (p. 110), grape sugar contains the elements of two atoms of water 
more than cane sugar, or 

Cane Mgar. Water. Diy grape ragar* ' 

C„ H, . O, , + 2HO = C„ H,, 0„. 



We may revert now to the question with which we concluded the 
preoedinff section* Since these difierent substances are so closely allied 
m oheoucal constitution, and occur so often in connection with each 
other in the vegetable kingdom, does nature, when her purposes demand 
the change, actually transfonn them, the one into the other, in the inte- 
rior of the plant ? The answer may now be safely given, that she cer- 
tainly does* What we can so readily perform by our rude art may be 
still more easily efiected in the living vegetable* That which is starch 
or gum in one part of the plant, may beoome cane or grape sugar in 
another, and woody fibre in a third* Thus by re-arranging the same 
kind and quantity of the several elements, may the various and unlike 
forms of matter which constitute the main products of vegetation be 
readily produced. 

Still the fhcility is only apparent* We can assure ourselves of the 
fact of such conversions, because we can at will induce them. But who 
operates upon these substances in the interior c^f the plant? Whose 
mind and will directs these changes — prescribing when, where, and in 
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what order they shall take place ? How mach depends, upon the re- 
fined and little understood mechanism of the vegetable siructure-i-how 
much on the Jiving principle itself! What is this living principle— 
haw can it direct !* 

§ 7. Cy thefermentatwH of starch and sugar-^-nrnd of the rdaUve circum* 
stances under tohidi cane and grape sugars generaUy occur in iuttureM 

It will be of use to us, in connection with the above transformations^ 
to advert to the property possessed by starch and nearly all the known 
varieties of sugar of entering into fermentation under favourable cir- 
<*um8tances. When flour is naade into a paste with leaven or yeast it 
begins to rise and ferment, — sooner or later, according to the kind of 
flour and the quantity of ferment added. When to a decoction of malt 
or to a solution of starch or of cane or grape sugar in water, a portion of 
yeast is added, fermentation is speedily induced ; and if not arrested by 
unfavourable circumstances it will continue until the whole of the 
starch or sugar disappears. 

In all (hae cases it is grape sugar ahne that under &>es fermentation. 
[Rose, Poggen. Annals, lii., p. 297.] The starch of the moist dough or 
of tlie solution is partially transformed into grape sugar before fe.rmenta- 
tion commences. Such is the case also with the decoction of tnalt and 
with cane sugar. The fermentation commences soon after the first por- 
tion ofgrapc sugar is formed, and proceeds more or less rapidly accord- 
ing as this transformation is more or less speedily effected. Hence, in 
the art of brewing, the necessity of cautiously regulating the tempera- 
ture, by which this change of the starch and sugar is promoted and hast- 
ened. ^ 

The fermentation itself is the result not of a mere transformation of 
one form of matter into another having the same elementary constitu- 
tion, but of a decomposition of one substance into two others unlike itself 
either in properties or in chei;nical composition. The grape sugar is re- 
solved into alcohol (spirits of wiue), which remams in the liquid, and into 
carbonic acid, which escapes in the form ol gas and causes the fermen- 
tation. Thus alcohol being represented by O4 H^ Oa, and carbonic acid 

by COat 

2 of alcohol =CgH,2 04and 

4 of carbonic acid = C4 Oj make up 

I of grape sugar ^CjaHjgOjj. 

It is an interesting fact that the cane and grape sugars occur in na- 
ture in circumstances which are entirely consistent with the statement 
in the preceding section, regarding the action of acids on the former 
variety of this natural product. Fruits contain grape sugar, which in- 
creases in quantity as they ripen or become less sour. In the sugar 
cane, the beet root, and the maple and birch trees, cane sugar exists, 
but in their juices no acid is associated with the sugar. On the contra- 
ry, ammonia is known to be present in most of them along with the 
cane sugar. Hence it is inferred, that as in our hands and in our exper- 
iments cane sugar is changed by the agency of acids into grape sugar, and 

• ^'CanatttMNibf aeewhUif find oatCtod— C«iwttho!i find out Ihe AhnightJ ttnto perfecUonI" 
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with remarkable ease by ihat add which exists in the ripe grape, so it is 
ID the iDterior of plaDU. Where sugar occurs io connectioa with an acid 
r in the juice of a plant, it is ^rape sugar in whole or in great part, be- 
cause in the presence of an acid body cane sugar cannot permanently ex- 
ist, but is gradually transformed into the sugar of grapes. It thus ap- 
pears also why Ihiits so readily enter into fermentation, and why, even 
when preserved with cane sugar, they will, in consequence of the acid 
they retain, slowly change the latter into grape sugar, and thus induce 
fermentation.* 

§ 8. Cy substances which contain Nitrogen. — Gluten^ Vegetaole 
Albumen^ and Diastase, 

The substances described in the preceding sections consist of carbon* 
hydrogen, and oxygen only, and of them the great bulk of the vegeta- 
ble productions of the globe consists. But there are certain other sub- 
stances occurring along with starch and sugar, into which nitrogen enters 
as a constituent, and which, though not formed in the vegetable king, 
dom in very large quantity, are yet of such interest and importance in 
other respects, as to make it necessary shortly to advert to them. 

1^. GrZuttfn.-^When the flour of wheat is made into a dough, and this 
dough is washed with water upon a fine sieve, a milky liquid passes 
through, from which starch gradually subsides. This has been already 
stated. But on the sieve, when the water ceases to go through milky» 
there remains a sofl adherent, tenacious, and elastic substance, which 
can be drawn out into long strings, has scarcely any colour, taste, or 
smell, and is scarcely diminished by washing either with hot or with 
cold water. This substance is the gluten otioheat. The flour of other 
kinds of grain also yield it by a similar treatment, though generally in 
much smaller quantity. This appears from the following table : — 

The grain of 

Wheat contains 8 to 35 per cent, of gluten. 
Rye .... 9 to 13 " *» 

Barley . . . 3 lo 6 •* " 

Oats .... 2 to 5 " . " 

When the moist gluten is dried in the air or at the tenaperature of 
boiling water, it diminishes much in bulk, and hardens into a brittle 
semi-transparent yellow substance resembling born or glue. In this state 
it is insoluble in water, but dissolves readily in vinegar, in alcohbl either 
cold or hot, and in solutions containing caustic potash, or soda, [the 
common pearl-ash or soda of the shops boiled with quick-lime.] 

2°. Vegetable Albumen, — To the white of egg the name of albumen 
icdbus, white) has been given by chemists. It possesses the well known 
property of coagulating or of forming a while solid insoluble substance« 
when it is heated either alone or after being mixed with water. 

When the starch has subsided from the milky liquid which passes 

• Milk also, In favoarable clrcumstancea, as wheh kept at a temperatare of 100«> F., tfta- 
deisoea fermeDtalion. and in some countries of Asia a spirituous liquor is prepared nrom 
mares' and asses' milk. In this case ttie milk flist becomes sour, then the acid thus form- 
ed converts the milk sugar into ffrape sugar, and finally this sugar enters into fermenta- 
tion. This takes place more readily in consequence of the presence of the decomposinr 
eheesT matter (casein) of the milk— as is shown by the fact that the introducUon of a amaU 
quantttj of the curd of milk Into a aolutioa of grape sugar wUl caiiM U to fenneou 
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through the sieve in preparing the gluten of wheat, tli« water rests traps- 
parent and colourless above the white sediment. If this water be heated,/ 
il wHl become more or less troubled, and white films or particles will 
separate, which may be easily collected, and which possess all the pro- 
perties of coagulated albumen, or boiled white of egg. To this sub- 
staoqe the name of vegetable alkumen, has been given* When the fresh 
prepared gUUenof wheat is boiled in alcohol a portion of albumen gene-, 
rally remains undissolved, showing that water does not completely wash 
it out from the gluten. 

Vegetable albumen, when fresh and moist, has neither colour, taste, 
nor smell, is insoluble in water or alcohol, but dissolves in vinegar and 
io caustic potash or soda. When dry it is brittle, more or less coloured, 
and opaque. In the seeds Oa plants, it exists only in small quantity— 
thus the grain of 

Wheat contains J to li per cent. 

Rye . . . 2 to3| *♦ 

Barley . • • A^ I " 
. Oats ... J to i " 
It oecurs more largely however in the fresh juices of plants, in those 
of cabbage leaves, turnip roots, atid many others. When these juices 
are heated the albumen coagulates and is readily separated. 

Gluten and vegetstble albumen appear to be as closely related as sugar 
and starch are to each other. Like these two substancesy they consist 
cyf ths same elements, united together in the same proportionB) and are 
capable of similar mutual transformations. According to the most re- 
cent analyses, those of Dr. Scheerer, they consist of 
Carbon = 64-76 
Hydrogen = 7-06 
Oxygen = 20-06 
Nitrogen = 18-12 
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When exposed to the air in a moist state these substances uodereo de- 
tsorapo^itioh. They ferment, emit a most disagreeable odour, and pni- 
doee, among other compounds, vinegar and ammonia. 

The important influence which gluten and vegetable albura6n are 
supposed to exercise over the noilrishing properties of the di^erent kinds 
of food in which they occjir, will be considered in a subsequent part of 
these lectures*^ 

3®. Diastase.-^'When cold water is poured upon barley newly malted 
and crashed, is permitted to remain oyer it for a quarter of an hour^ is 
then poured off, filtered, evaporated to a small bulk over boiling water, 
again filtered if necessary, and then mixed with much alcohol, a white 
tasteless powder falls-^o which the name o(diastaM has been given. 

• T!i«re o«*fir hi tlw animal Wflgdora-lii the bodie8ofwiBiaUi--three other ^nns j£*|» 
•olMtance above described under the names of gluten and vegeteWe albamep. Theae are 
aUmmen or wWtc of ea, already mentioned,— oa»«»», the c*rd of cheese,-«nd Jibnn, the 
•ubaiaaceof the muscular fibre of animals. a— K««*»/i s« 

P. Co«rf».-Whe« the curd of cbe^ is well wartied "^^J^^SS^J^^ S**Hfi!S 
alcohol to free tt from oily matter, it forms the casein of chemlata. While moist it is soft 
I^cSourlBM, but as tt dries tt hwdens, assumes a yeUow c<^c«r, and becomes ■emiiraj?. 
JSrent. Even when moist it is peifecUy Insoluble either In cold or in hot water, tt ts aolu- 



118 ' PRODUCTIDN OF DIASTASE. 

If amnalted barley be so treated no diastase is obtained. This sub- 
stance, therefore, is formed during the process of malting. 

If wheat, or barley, or potatoes, which by steeping in w^ter yield no di- 
astase, be made to germinate (or sprout), and be afterwards bruised and 
treated as above, diastase will be obtained; // is therefore produced 
during germination. 

If the shoot of a potato be cut off within half an inch of its base, this 
lower portion, with the part of the potato to which it is immediately at- 
tached, separated from' the rest— and the three pa^ts (the upper portion 
of the shoot — the lower portion with its attached fragment of potato— 
and the remaining mass of the potato) treated with water, — only that 
portion will yield diastase in which the base of the shoot is situated. 
When a seed sprouts, therefore, this substance is formed at the hose of 
the germ, and there remains during its growth. 

If the same portion of the potato, or if the grain of barley or wheat is 

ble, however, in water containing vinegar, or to which a little carbonate of potash or soda 
has been added. It may be kept for anj length of time in a dry place, without undergoing 
decay. The changes undeigoile by old cheese are chiefly due to the oily and other sub- 
stances with which the curd is mixed. It has been remarked; ihat when the gluten of wheat 
is left for a length of time in a moist state it undeigoes a kind of fermentatioo and gradilbUy 
acquires the smell and taste of cheese (Rouelle.) 

^. iY6rtn.— When lean beef or mutton is long washed fn water till it becomes colourless, 
and is then boiled hi alcohol to separate the fat, a colourless, elastic, fibrous mass is obtained, 
which Is the fibrin of chemlsta. In rtccntly drawn blood it exists in the liquid stale, but coa- 
j!,u\ii\f^s E\Km\ant!o\As\y when i^xpused [o thr:: air, and forms the greater part of the efe/ of 
bliJCKi. It liksolveis ii^ a soluliofi of caustic fiutash or of nitre, and in vinegar. 

3^. Ji&umeii.— Tbifl gubstAiir^ In Uie liquid state exists in the white of egg, and in the 
Berum of the blofid, IL CDA^uUtes by lieotiai} to 160^ F , or if previously mixed with water 
by nUfilng to 212'^ F. 

These ihiee aiibeianceHj, in addiikiu to Iheirwell Known sensible properties, are disUn* 
gulahed aiS follows : 

1°. idquid casein in tntlk^ \s not coa^Eukted by heating ofone— the addition of rennet orof 
» littio ntid (?inegar ar spirit of saU} Le DticeK»ry, when it curdles readily. 

2^^. Liquid alliti^ipn in white o( eg^^ coagulates by heat alonej as when an egg is pot into 
hot wst«r. 

3^. Liqwdjikrm in thu blood cfugnlat^a by mere exposure to the air, or more rapidly by 
ogjltflion in toQUclwUh (heair- 
Llkc starch and fugeo-rheEte thrte aobstsjices are mutually convertible by known means. 
TtiuB,/!*Hn> if luvboij^di^ difisolvea by Ji^'E^^nion at 80° F. in a saturated solution of nirre, and 
ocqiiiretj th« praperties of liqwid aShJimen ; and if to liquid albumtm a little caustic potash be 
added} and afcerwarda much aJcDhol, \v wtl] be thrown down in the form and with the pro* 
pertlps of eustin. 

All these substances i4)pear to contain the same <Mganic constituents in the sajpe propor- 
tions. 

Briitgsineuuk first showed ihe hlt^ntlij Ui cbcmiLral constitution of gloten and vegetable al- 
liumen— [Poj^. An,, tlV.^ p- 253f. ] Mulf Ji?r ailerwinis proved a similar identity between vege* 
table albumen fti]d the white uf cs^a fibrin^ anil cuiein.— [Ann. de Chim. eL de Phys., Lev., p. 
SOL] Bfleililer suppeaes ihf^m to injiTor frum each other by the presence in unlike qnantities 
of a sdikII admlXEUrf^ of Aiilphur^ pho^phnnia dr phosphate of lime. 

TboiB whLD are hot ramlliar witli rbo nlutnry nnil with the nature of chemical research, can 
form no idea oT tli^ lime and li%biiur wlili.rti ha?^ hy diflTerent chemists been expended oik this 
one timnch. The p<?nicvcrinf krului^iry ii^T Dr, Mulder, of Rotterdam, appieared to have 
cleared up ih% entire RobjeEt by a \\mf i^orlt^ «>r mvestiyations and ahcdyses, — Tfor an out- 
liiie of his rpdult^. see BerKctiuu Arsb-irSjilyde, 1S;39, p. 6f I,}— when first vt^el, then Prosper 
Beni^, and laicat Lie^hig and Dr, Si^lieeror, Ufisp nrrived at different results. Our ideas are 
thuR aisain imftved. andS aur parital goncrEiJi^^iiomH set aside for future emendation. ' . 

The analyst? insf^rterl In the text, a^s riL^prr^s^cnLLng the composition of gluten and vegetable 
albumei), i9 that givgin b; Dr. Selieercr for the purest form of /E&n'n. I have selected it in 
prrferenee to tho r^^uhi) either of Bou!^lnff4i)U r>r of Mulder, because it is the most recent, 
and ha? br'^ri hihtairioil with % kuo'^K'ylp^ of ^U ttir- previous resear6hes,— and assuming the 
c]rn:ri| :■'. i ii'v f.rjhjs eo'u'i* i:ii.ii.' .1 ...h -tm! ces, is the most likely to represent their 
comuiuiiuu v.illi accuracy. It a.ni..^xa.a.i iai: aajlysis of Mulder only in Stating the nitro* 
gen at 2 per cent higher than was done bv that chemist Tlie recent iipprovements in thOr 
mode of determining the true quantity or nitrogen in organic substances, appear to justify 
OS in expecting the result of Scheerer to be in this respect the more correct 
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examined, when the firatt trae leaves of the plant have heen fully 
fbrmed and expanded, the diastasd will be found to have in great part, 
if not entirely, disappeared. This substance, therefore, is fii»t formed 
when the seed begins to sprout, performs a function which makes its 
presence necessary at the base of the germ, and which function being 
discharged when the true leaves are formed, it then disappears. What 
is the nature of this temporary funcdon, why the diastase must reside at 
the base of the sprout in order to discharge it, and why it should so early 
cease, will appear from a detail of the properties of this singular sub- 
stance. 

Properties of diastase. — If the solution obtained from malt be digested 
with potato, flour, or other starch, at a temperature between 120^ and' 
140° F., the latter will gradually dissolve and will^ form a colourless 
transparent solution. When this solution is carefully evaporated a yel-. 
lowish white powder is obtaijied, perfectly soluble in water, to which 
the name of dextrine has been given, [because its solution turns to the 
right a ray of polarized light when passed through it.] This dextrine 
has the same composition as starch. It is merely starch changed or 
transformed in such a way as to become soluble in cold water,— >a 
change analogous to that which it undergoes by simply boiling in water. 

But if the digestion be continued after the starch Is dissolved, the so- 
lution will gradually acquire a sweet taste, and if it be now evaporated 
it will yields instead of dextrine, a mixture of gum and grape sugar. 
And if the digestion be still further prolonged, the whole of the starch 
will be converted into grape sugar only.— [See above, § 6, p. 113.] 

Thus diastase (like sulphuric acid) possesses the property of trans- 
forming starch entirely— first into gum, and then into grape sugar. The 
intermediate stagb of dextrine has not been recognized in the action of 
sulphuric acid, nor is it easy to arrest the action of diastase exactly at 
this point— the most carefully prepared dextrine always containing a 
raixture of gum and sugar. One part of diastase will convert into sugar 
2000 parts of starch. 

A solution of diastase, when, allowed to stand, soon undergoes decom- 
position, and after being boiled, it has no further effect upon starch. It 
has not been analysed, because it is. difficult to obtain it in a pure state. 
it contains nitrogen, however, for, when moistened and exposed to the 
air, it decomposes, and, among other products, yields ammonia."* 

The functions of diastase— ^ne of the purposes at least for which it is 
produced in the living seed, and situated at the base of the germ— will 
DOW be in some measure understood. The starch in the seed is the food 
of the future germ, prepared and ready to minister to its wants when- 
ever beat and moisture concur in awakenins it to life. But starch is it- 
self insoluble in water, and could not, therefore, accompany the fluid sap 
when it begins to move and circulate. For this reason diastase is 
formed at the point where the germ first issues from the mass of food. 
Ther9 it transforms the starch, and renders it soluble, so that the young 
vessels can take it up* and convey it to the point of growth. When the 
starch is exhausted its functions cease. It is then itself transformed and 

* It win be recollected that ammonia contains nitrogen, beingVepresented by NH3.— See 
Lecture m., p. 51. 
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catriod iota the general circulation. Or when, as in the potato, much 
more starch is present than is iu many cases requisite, its function ceases 
long before the whole of the starch disappears. Its presence is necessa- 
ry only until the leaves and roots are fully fonued-^when the plant is 
enabled to provide for itself, and becomes independent of the starch of 
the seed. When this period arrives, therefore, the production of dias- 
tase is no longer perceived. 

Thia I have said is one of the purposes which appears to be served by 
diastase in the vegetable economy. That it is the only one we have no 
reason to believe. There may be others quite as interesting which we 
do not as ^et understand. This is rendered more probable by the fact 
that the diastase contained in one pound of malted barley is capable of 
converting into sugar five pounds of starch.* (Liebig.) And thdugh 
at the temperature at which the seed germinates, more of this substance 
may be necessary to transform the same weight of starch than is re» 
Quired in our hands, when aided by artificial beat,— yet as we never in 
the ordinary course of nature find any tiling superfluous or going to 
waste, there is reason to believe that the diastase may be intended also 
to contribute directly to the nourishment and growth of the plant. Aa 
it contains nitrogen, it must be derived from the gluten or vegetable al- 
bumen of the seed ; and as a }roung plant of wheat, when already many 
inches from the ground, contains no more nitrogen than was originally 
present in the seed itself (Boussingau It), this diastase may only be the 
result of one of those transformations of which glutenf is susceptible, 
and by which it is rendered soluble, and capable of aiding in the pro* 
d action of those parts of the substance of the growing plant into which 
nitrogen enters as a necessary constituent. 

It may not be uninstructive if we pause here for a moment and con- 
sider the beauty of the arrangements we have just been describing* In 
passing througn a new and interesting country we do not hesitate, at 
times, to stop and gaze, and leisurely adnoire. We cannot otherwise 
fully realize and appreciate its beauty. So in the domains of science, 
we cannot be ever hurrying on«-we most linger occasionally, not only 
that we may more carefully observe, but that we may meditate and 
feel. 

You see how bountifully nature has provided in the seed for the noor- 
ishment of the young plant, how carefully the food is stored up for it, 
and in how imperishable a form^^how safely covered also and protected 
from causes of decay ! For hundreds of years the principle of life will 
lie dormant, and for as many the food will remain sound and undimin- 
ished till the time of awakening comes. Though buried deep in tho 
earth, the seed defies the exertions of cold or rain^ for the food itcontaina 
is una0ected by cold and absolutely insoluble in water. But no sooner 

* It Is the diastase in malt Which dissolves the sfarch of the barley in the process of brew- 
tof, tH« as the diastase contained In mail Is sufficient to dissoire so large a quantity of starch, 
it is obviously a waste of labour to malt the whole of the barley employed. One of malt to 
three of barley would probably be sufficient in most cases to obtain a wort containii^ the 
whole ef theirtarck in sohitioa. Advantage is tatcen of thia property in the manufacture of 
the ts^e beer of Lo<tvai0, and of other places in Flanders, and in Germany, where the Uctit 
colour is secured by adding a large quantity of flour to a decoction of a small quantity of 
barley. 

t That iiaetoK is merely trtm^ormed gluten we cannot say, because the exact chemical 
constitution of diastase is as yet unknown. 
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is the sleeping germ recalled lo life, by the access of air and warmth 
and duly tempered moistiire, than a new agent n summoned to its aid, 
and the food is so changed as to be rendered capable of ministerine to its 
early wants. The first movement of the nascent germ— (and how it 
moves, by what inherent or impartial force, who shall discover to us ?) 
-—is the signal for the appearance of this agent^diastase— of which, 
I»renous to germinatioDt no trace could be discovered in the seed. At 
tlie root of the germ, where the veseeds terminate in the farinaceous 
matter, exactly where it is wanted, this substance is to be found ;--there, 
aod there only, resolving and transforming the otherwise unavailable 
store of food, and preparing it for being conveyed either to the ascending 
aptoot or to the descending root. And when the necessity for its pre* 
aence ceases — ^when the green leaf becomes developed, and the root has 
fairiy entered the soil— ^hen the plant is fitted to seek food for kself^ 
then this diastase disappears, it undergoes itself a new conversten, and is 
preomnd in another form to contribute to the further increase of the plant. 
How beautiful and provident are all these arrangemems !«-how plas- 
tic the various forms <k organic matter in the hands of the All-Inteili- 
flent f— how nicely adjusted in time and place its diversified changes ! 
what an apparently lavish -expenditure of forethought and hind previ- 
sion, in behalf even of the meanest plant that grows f 

§ 9. Vegetable Adda, — Acetic acid. Oxalic acid^ Tartaric acid^ 

dtrie acid^ Malic add. 
Another class of compoond sobstances remains to be shoftly consid- 
ered,-*4hose, nitoely, which possess sour or acid properties, and which 
are known to be present hi large ({iiaotity in many plants, and more 
especially in the greater number of unripe fruits. They do not, taken 
as a whole, form any large portion of the entire produce, either of the 
general vegetation of the globe or of those plants which are cultivated 
for food ; yet thegnmth of fruit-<His in the grapov orange, and apple, 
countries— is sbfikiently exteipive, and the general interest in the cul- 
tivatioD of fruit trees sofficiently great, to require that the nature of the 
substances contained in (ruits, and the peculiar changes by which they 
are formed, should be in some measure considered and explained. 

I.— -ACETIC ACID. 

AcOicadd or vinegar is the most extensively diffused, and the most 
largely produce^ of all the organic acids. It is formed during the ger- 
miaaoon of seeds, and it exists ia the juices of many plants, but h is 
most abundantly evolved during the fermentation, whether natural or 
artificial, of nearly all vegetable substances. When pure it is a odour- 
less liquid, having a well known agreeably acid taste. It may be 
boiled and distillecl over without being decomposed. The vinegar of the 
shops is generally very much diluted, but it can be prepared of such a 
Btr^sgth as to freeze and hecome solid at 46° F., and to blister the skin 
and produce a sore when api^ied to any part of the body. When 
mixed whb water it readily dissolves lime, magnesia, alumina, &c,, 
forromg $4dU called aeetatee, which are all soluble ia water, and may, 
therefore, be i«adily washed out of the soU or of compost heaps by 
heavy falls of rain. 



123 VRBVAKATIOll OF ACJETIC ACID. 

When perfectly, free from water, acetic acid ooDsists of— 
Cari>oH . . . 47*5 per ceat., or 4 atoms 
Hydrogen . . 5*8 " or 3 " 
Oxygeu. . . 46-7 •♦ or 3 " 
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It is therefore represented by the formula C4 H3 O3 — in which, as in 
those giycn in the preceding sections for starch, su^^ar, .&c., the numbeis 
representing the atoms of hydrogen and oxygen are equal, and conse- 
quently these elements are in the proportion to form water. Hence, 
vinegar, like sugar, may be represented by carbon and water. 

Let us consider for a moment the several processes by which this acid 
is usually formed. • 

1°. By the distUkUimi of t«>orf.— This a method by which wood 
vinegar — often called pyroligneous add — ^is prepared in large quantity. 
Wood which has been dried in the air is put into an iron retort and distil- 
led. The principal products are vinegar, water, and tarry matter. 
The decomposition is of a complicated description, but by comparing 
the consthution of woody fibre with that of vinegar, we can readily see 
the nature of the changes by which the latter is produced. 
Woody Fibre is = €,3 H, O, 
3 of Vinegar are = Cja H9 0«^ 



Difference = H,0-i; or the elements 

of one atom^f water. One portion of the woody fibre, therefore, com- 
bines with the elements of an aiom of water, obtained by the decompo- 
sition of another portion, and thus vinegar is produced. 

2°. Manufacture of Vinegar from Cane Sugar. ^^li is a well known 
fact in domestic economy, that if cane kugai be dissolved in water, a 
little vinegar added to it, and the solution kept for a length of time at a 
moderate temperature, the whole will be converted into vinegar without 
any sensible fermentation. This process is frequently followed in the 
preparation of household vinegar, and was formerly adopted to some ex* 
tent in our chemical manufactories. It will be recollected that we r» 
presented Cane Sugar by C12 H,o Oie, while 

3 of Vinegar = Cu Hg Og 

Difference Hi Oi ; or the elements 

of an atom of water, which cane sugar must lose in order to be convert- 
ed into vinegar. Whether the change in this instance takes place by 
the direct conversion of cane sugar into vinegar, or whether the finmer 
is previously transformed into grape sugar, has not been satisfactorily de- 
termined. / 

3°. Manufacture of Vinegar from Alcohol.'^ln Germany, where 
common brandy is cheaper than vinegar, it is found profitable to manu- 
facture this acid from weak spirit. For this purpose it is mixed with a 
little yeast, and then allowed to trickle over wood shavings moistened 
with vinegar, and contained in a cask, tl^e sides of which are perforated 
with holes for the admission of a current of air. By this method oxy- 
gen is absorbed from the air, and in 24 hours the alcohol in the spirit is 
converted into vinegar and water. 
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The explanation of this process is also simple* alcohol being repre- 
sented by C4 H,, Og. Thus — 

Alcohol = C4 H5 O3 V f ' ViriEChAR = C4 H3 O3 
4 of Oxygen = O4 !__! 3 of Water = H3O3 



Sum C4HeOa J [ Sura = C4 He, O, 

4°. Production of Vinegar by fermentation. — When vegetable mat' 
ters are allowed to^ferment, carbonic acid is given off and vinegar is 
formed. In such cases this acid is the result of a series oPchanges, du- 
ring which that portion of the vegetable matter which has at length 
reached the state of vinegar has most probably passed through the seve- 
ral previous stages of grape, sugar, and alcohol. The carbonic acid, as 
has already been explained (p. 115), is given off during the fermentation, 
of. the grape sugar, and the consequent formation of alcohol. 

-To simple transformations, similar to those above described, we can 
trace the origin of the vinegar which is met with in the living juicei of 
plants, and among the products of their decay. 

11*— TARTARIC ACID. 

The. grape and the tamarind owe their sourness to a peculiar acid to 
which the name of tartaric add has been given. It is also present, along 
with other acids, in the mulberry, in the berries of the sumach (rkus co- 
riant), and in the sorrels, and has been extracted from the^roots of the 
couch-grass and the dandelion. 

When new wine is decanted from the lees, and set aside in vats or 
casks, it gradually deposits a hard crust or tartar on the sides of the ves- 
sels. This substance is known in commerce by the name of argol, and 
whei) purified is familiar to you as the cream of tartar of the shops. It 
)S a compound of tartaric acid with potash, and from it tartaric acid is 
extracted for use in medicine and in the arts. The principal use of the 
acid is in certain processes of the calico printers* 

The pure acid is sold either in the form of a white powder or of trans* 
parent crystals, whic]} are colourless, and hav^ an agreeable acid taste. 
It dissolves readily in water, and causes a violent effervescence when 
mixed with a solution of the carbonate of potash or of soda. As it has 
no injurious action upon the system, it is extensively used in artificial 
soda powders and effervescing draughts. When added in sufficient 
quantity to a solution containing potash, it causes a white crystalline 
powder to fall, which is cream of tartar (or bitartrate of potash), and from 
lime w^ater it throws down a white chalky precipitate of tartrate of lime. 
Both of these compounds are present in the grape. 

When perfectly free from water this acid consists of— 

Carbon . .. = 36*81 or 4 atoms. 

Hydrogea . . = 3*00 or S atoms. 

"^ Oxygen . . . = 60*19 or 6 atoms. 

100 
It is therefore represented by the formula C4 H2 O5. 

If we compare the numbers by which the atoms of hydrogen and ox- 
ygen in this acid are expressed, we see that these elements are not in the 
proportion to form water, and that this substance, therefore, cannot, like 
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80 maoy of those we have hitherto had occasion to notice, be r&presented 
by carlioD and tke elements of water alone* 
It may be represented by 
4 of Carboiy 
« of Water 
and d of QxTOBN 



aoy 
. . =r H3 O, Wr, 4C-f 2H-f30 



' Tartaric Acid == C4 H3 X), 
And, rhoD^h this mode of representation does not truly exhibit the con- 
stitation of the acid, inasmuch as we have no reason to believe that it 
really contains water as soch—y^ it serves to show very clearly that in 
the living plant this acid cannot be formed directly front carbon and the 
elemeiits <k water, as starch and sdgar may, but that it requires also 
three atoms of ojsy gen in excess to every five of carbon and two of water. 
We sbalU in the following lecture, see bow nicely the funcdons of the 
several parts of the plant are adjusted,— <^at one period to the formation of 
this acid, and at another to its conversion into sugar during the ripening 
of the fruit. 

II|.-<p-ClTaiC acid, or acid of LEM0148. 

This acid gives their sourness to the lemon, the lime, the orange, the 
cranberry, the rod whortleberry, the bird-cherry, and the fruits of the 
dog-rose and the woody night-shade. It is also found in some roots, as 
in those of the d&hlia pinnata, and the asarum europieum {asarrabacca)^ 
and mixed with much malic acid, in the currant, cherry, gooseberry, 
raspberry, strawberry, common whortleberry, and the fruit of the haw- 
thorn. 

When extracted from the juice of the lemon or lim^, and aflerwarda 
purified, it forms transparent colourless crystals, possessed of an agreea- 
ble acid taste ; efiervesoes like tartaric acid with carbonate of soda, and 
like it, therefore, is much employed for effervescing draughts. With 
potash it forms a soluble salt, which is a citrate offotash^ and from lime 
water it throws down a white, nearly insoluble, sediment of cttvote ^ 
lime^ which re-dissolves when the acid is added in excess. In combi* 
natioo with lime it exists in the tubers, and with potash in the roots, of 
the Jerusalem artichoke. 
When free from water, citric acid coo^sts of 

Carbon .... 41*49 =i 4 atoms. 

Hydrogen • . . 3*43 = 2 atoms. 

Oxygen , . . , 55*08 =? 4 atoms. 

100 
arid is therefore represented by C4 H2 O4. 

This formula differs from that assigned to the tartaric acid only in 
containing one atom of oxygen less, O4 instead of O5. In the citric 
acid, therefore, there are 2':atoms of oxygen in excess, above what is 
necessary to form water with the 2 of hydrogen it contains. 

IV. — iCALic acid. 
The malic afid oxalic acids are more extensively' diSbsed in Imng 
plaots than any other vegetable acids. If acetic acid be more largely 
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formed in nature, it is chiefly as a product of the decomposition^ of or- 
ganic matter, when it has already ceased to exist in, or to form part of, 
a living plant. 

Along with the citric acid, it hfis heen already stated that the malic 
occurs in^many fruits. It is found more ahondantly, however, an'd is the 
chief cause of the sour taste, in the unripe apple, [hence its name malic 
acid,] the plum, the sloe, the elderberry, the barberry, the fruit of the 
mountain ash, and many others. It is associated with the tartaric acid 
in the grape and in the Agave americana. 

This acid is not used in the arts or in medicine, and tlierefore is nqit 
tisually sold in the shops. It is obtained most readily, in a pure state, 
from the berries of the mountain ash. It forms colourless crystals, 
which have an agreeable acid taste. It combines with potash, soda,, 
limie, and magnesia, and forms malates^ and, in combination with one or 
tnore of these bases, it usually occurs in the fruits and juices of plants. 
The malaU of lime is ^soluble, while the citrate, as already stated, is 
nearly insoluble, in water. This malate exists in large quantity in the 
juice of the house-leek (sempervivum tcctoruTir), in the Sedum telephium, 
the Arum maculatum, and many other juicy and fleshy-leaved plants. 

When perfectly free from water, the malic acid has exactly the same 
chemical consjitution as the citric, and is represented by the same for- 
mula O 4 Ha O4. These two acids, therefore, bear the same relation 
to each other as we have seen that starch, gum, and sugar do. They 
are w|iat chemists call isomeric, or are isomeric IxxUes. We cannot 
transform them, however, the one into the other, by any known means, 
though there is every reason to believe that they may undergo such 
transformations in tlie interior of living plants. Hence probably one 
reason also why the malic and citric acids occur associated together in 
80 many different fruits. 

v. — OXALIC ACID. 

This acid has already been treated of, and its properties and composi- 
tion detailed, in a preceding lecture (Lecture III., p. 47). It forms co- 
lourless transparent crystals, having an agreeably acid taste, and it 
eflervesces with the carbonates of potash and soda, but on account of its 
pcHsonous qualities, it is unsafe to administer it as a medicine. It oc- 
curs in combination with potash in the sorrels, 3in rhubarb, and in the 
juices of many lichens. -Those lichens which incrust the sides of rocks 
and trees, not unfrequently contain half their weight of this acid in com- 
bination with lime. It can be formed artificially by the action of nitric 
acid on starch, sugar, gum, and many other organic substances. . 

When perfecxtly free from water, oxalic acid contains no hydrogen ; 
but consists of— 

Carbon . . . 33'75 = 2 atoms 
Oxygen . . , 66-26 = 3 ** 

100 
and it id represented by C^ O3. When heated with strong sulphuric 
acid, it is decomposed and resolved into gaseous carbonic acid (CO^) and 
carbonic oxide (CO) in equal volumes. This change b easily under- 
stood since COa -|- CO = C3 O3. 



IM sTAEca coiiTxaTKo laro woodt fibbb. 

§10. OetwralohservatioM on du substances of iMchplanU chiefly 

It may be useful here shortly to review the most important facts and 
conclusions which have been adverted to in the present lecture. 

l^'. The great bulk of f^ants consists of a series of substances capable 
of being represented by, and consequently of being formed in nature 
from, carbon and the elements of water only. Such are woody fibre, 
starch, gum, and tlie several vairieties of sugar (p. 111). 

2®. Yet the crude mass of wood, as it exists in a full-grown 
tree, containing various substances in its pores, cannot be represented 
by carbon and the elements of water aUme. It appears always to 
contain a smjall excess of hydrogen, which is greater in some trees than 
in others. Thus in the chesnut and the lime, this excess is greater than 
in the pines, while in the latter it is greater than in the oak and the ash. 
[For a series of analyses of different kinds of wood by Peterson and 
Schddler, see Thomson's Organic Chemistry, p. 849.] 

3°. These substances are, in many cases, mutually convertible even 
in our hands. They are probably, therefore, still more so in nature. 

It is to be observed, however, ^at all the transformations we can as 
yet effect are in one direction only. We can produce the above com- 
pounds from each other in the order of lignin or starch, gum, cane sugar, 
grape sugar-— that is, we can convert starch into gum, and guth into 
sugar, but we cannot reverse the process, ^o as to form cane from grape 
sugar, or starch from gum. 

The only apparent exception to this statement with which we are at 
present acquainted, occurs in the case of starch. When this substance 
is dissolved in cold concentrated nitric acid, and then mixed largely with 
water, a substance [the XyUndin of Bnconnoi] falls to the bottom, 
which is a compound of the nitric acid with woody fibre (Cja Hg O,.) 
[Pelouze, see Berzelius Arsberdttelse, 1839, p. 416.] In this instance, 
if the above observation is correct, there appears to be an actual con- 
version of starch into woody fibre. 

But what toe are as yet unable to perform may, nevertheless, be easily 
and constantly effected in the living plant. Not only may what is starch 
in one part of the tree be transformed and conveyed to another part in 
the form of sugar,— but that which, in the form of sugar or gum, passes 
upwards or downwards with the circulating sap, may, by the instrumen- 
tality of the vital processes, be deposited in (he stem in the form of 
wood, or in the ear in that of starch. Indeed we know that such actu- 
ally does take place, and that we are still, therefore, very far from being 
able to imitate nature in her power of transforming even this one group 
of substances only. 

4°. Among, or in connection with, the great masses of vegetable mat- 
ter which consist mainly of the above substances, we have had occasion 
to notice a few which contain nitrogen as one of their constituents— and 
which, though forming only a small fraction of the products of vegetable 
fjrrowth, yet appear to exercise a most important influence in the general 
economy of animal as well as vegetable life. The functions performed 
by diastase in reference to vegetable growth, and to the transformations 
of organized vegetable substances, have already been in some, measure 
illastrated,-*we shall herealler have an opportunity of considering more 
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fully tr.e inflaenoe which gluten aod veget&ble albumeo exercise ovei 
the general efficiency of tlie products of vegetation in the support of ani- 
mal life, and over the changes which these products must undergo, be« 
fore they caa be converted into ihe substance of aniqaal bodies. ltt& 
farmer lecture (Lecture IV., p. 66)^1 have bad occasion to draw your 
attention to the comparatively small proportion in which nitrogea exists 
in the vegetable kingdom, and to show that it must nevertheless be con- 
sidered as much a oecessary and constituent element in their oomposi- 
tioB as the^earbon itself ; the very remarkable properties we have, al- 
ready discovered in the compounds above mentioned strongly confirm 
this fact, and illustrate in a striking manner the influence of apparently 
feeble and inadequate causes in producing important natural results. 
- S9. With the exception of acetic acid, which in constitution is closely 
related to sugar"^ and gum, all the acid substances to which it has been 
necessary to advert, contain an excess of oxygen above what is neces- 
sary to form water with the hydrogen they contain. Thus 

ViNEeAR .= C^ H 3 O3 contains no excess of oxygen. 

Tartaric Acid =s= C4 Ha O, . • 3 of oxygen in excess. 

Malic Acid ? _p tr n o 

.Citric Acid J -C4H2O, . . 2 

OxAi«ic Acid =s C2 O3 . . 3 

It requires a little consideration to enable us to appreciate the true im- 
pertanoe of these and other organic acids, in the vegetable economy. At 
first sight they appear to form a much smaller part of the general pro- 
djicta of vegetation thas is really the case. We must endeavour to 
conceive the quantity actually produced by a single tree loaded with 
thousands of lemons, oranges, or apples,**or again, how modi is formed 
during the growth of a single comparatively small plant of garden rhu- 
barb in spring, if we would obtain an adequate idea of the extent to 
which these acids are constantly formed in nature. On the other hand, 
we most recollect also that the greater portion of the acid of fruits disap- 
pears as they ripen, if we would understand the true nature of the in- 
terest which really attacfaea to the study of these substances, of the 
changes to which ihey are liable, and of the circumstances under which 
in nature these changes take place. 

6°. I will venture here to draw your attention for a moment to the na- 
tive and extent of thdt remarkable power over matter, which the chem- 
isit as above explained^ appears to possess. Such a consideration will 
be of value not only in illustrating how far we really can now, or may 
hereafter, expect to be able to influence or control natural operdtioos, 
[see Lectnre II., p. 32,1 but what is probably of more value still, exhibit- 
ing the true relation which man bears to the other parts of creation ; and, 
in some measure, the true position he is intended to occupy among them. 

1^. We have seen that the chemist can transform certain substances 
one into the other, in a known order ; but that as yet he cannot reverse 
that order. Thus far his pdwe^ over matter is at present limited; but 
tbis limit he may at some future period be able to overpass, and we 

' It Is idflnlteal in eoBStUution with earmm$l (p. 114)-<-the uacrystaUizable tnifMr of ^yrnpii 
For 

Vioefiar. Canmel. 

(U Hs O3 X 3} s C18 B» 09k 
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know pot bow far. The discovery of a new agent, or of a new mode 
of treatment, may enable him to accomplish what he has not as yet the 
means or the skill to perform. 

2®. He has it in his power to form, actnall^^ to produce, some of the 
organic or organized substances which occur in living plants. He can 
form gum, and grape sugar, in any quantity. Thus far he can imitate 
and take the fdace of the living jnnnciple tUelf. 

Numerous other cases are known, in which be displays a similar 
power. By the action of nitric acid upon starch or sugar, [see Lecture 
III., p. 47,] he can form oxalic add, which, as has already been slwwn, 
occurs very largely in the vegetable kingdom. By the action of heat 
upon citric acid, he canV decompose it and produce an acid which is 
met with in the Wolfsbane (Aconitum napellus), and hence is called 
aconitic acid.* Also by the action of sulphuric acid he can change 
salicine and phhrizine — substances extracted respectively from the bark 
of the willow and from that of the root of the apple tree— into a resinous 
matter and grape sugar. So, of the compounds which are found in the 
solids and fluids of animal bodies, there are some which he has also 
succeeded in forming by the aid of his chemical art. 

Elated by such achievements, some chemists appear willing' to hope 
that all nature is to b6 subjected to their dominion, and that they may 
hereafter be able to rival the living principle in all its operations. It is 
true. that what we now know, and can acoomplish, are but the begin- 
nings of what we may fairly expect hereafler to efiect- But it is of con- 
sequence to bear in mind the true position in which we now stand, and 
the true direction in which all we at present know seems to indicate that 
our future advances in knowledge, and in control over nature, are likely 
to proceed. And this leads me to. observe— 

3^^. That our dominion is at present limited solely to transforming 
and decomposing. We can transform woody fibre into gum or sugar^ 
toe cannot form either gum or sugar by the direct union ^ their elements* 
We can resolve salicine by the acid of sulphuric acid into resin and 
grape sugar ; but we cannot cause the elements of which they consist to 
unite together in our hands, so as to form any one of the three. We 
cannot even cause the resin and the sugar to re-unite and rebuild the sali- 
cine from which they were derived. 

So we can by heat drive off the elements of water from the citric and 
eause the aconitic acid to appear ; but we cannot persuade the unwilling 
compounds, when thus separated, to return to their former condition of 
citric acid ; and, if we could, we should still be as far removed from the 
power of commanding or compelling the direct union of carbon, hydro- 
gen, and oxygen, in such proportions, and in such a way, as to build up 
either of the two acids in question. ^ 

Again, we can actually form oxalic acid by the action of nitric acid 

* These two acids difflBr from each other only i -y the elements of an atom of water. Thus 
Citric Add . . = C4 *» 04 f 

AconiUc Acid . ss C4 Hi O3 

DiflTerence . . = Ht O orHO, one of water. 
It Is easy to see, therefore, how, bj the evolution of the elements of an atom of watery the 
one acid may be changed into the other. The scientific reader will excuse me (if on the 

t rounds of simplicity alone) for representing, both here and in the text, the citric acid bj 
) U2 O4, instead of by Ci2 B9 On -f* 3DO, which Liebig and his pupils pnfer. 
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* upon Starch* or wood, or sugar, or aoy other of a great variety of vegeta- 
ble sabstances— but we caDuot prepare it by the direct union of its ele- 
ments. We can only as yet procure it from substances which have 
already been org-anizei/^— which have been themselves produced by the 
agency of the living principle. 

The same remarks apply with slight alteration to those substances of 
animal origin to which I have above alluded as being within the power 
of the chemist to produce at will. There is hardly an exception to the 
rule, that in producing organic substances, as they are called, the chem- 
ist must employ other organic substances which are as yet beyond his 
art— which, so far as we know, can only be formed under the direction 
of the living principle. Thus the sum of the chemist*s power in imita-^ 
ting organic nature consists, at preseQt, in his ability— 

1°. To transform one substance found only in the organic kingdom 
into some other substances* produced more or less abundantly in the 
same kingdom of nature. This power he exercises when he converts 
starch into sugar, or fibrin into albumen or casein. 

2®. To resolve a more complex or compound substance into two or 
more which are less so, and of which less complex substances some may 
be known to occur in vegetable or animal bodies. 

3^ . To decompose organic compounds by means of his chemical agents, 
and as the result of such decompositions to arrive at one or more com- 
pdonds, such as are formed under the direction of the living principle. 

In no one ease can he form the substances of which animals and plants 
chiefly consist^ out of those on which animals and plants chiefly live. 

But this is the common and e very-day result of the agency pf the liv- 
ing principle. Is there as yet, then, any hope that the chemical labo- 
ratory shall supersede the vascular system of animals and plants ; or 
that the skill of the chemist who glides the operations within it, shall 
ever rival that of the principle of life which presides over the chemical 
chan^^s that take place in animal and vegetable bodies ? 

The true place, therefore, of human skill-r-the true prospects of chem- 
ical science— «re pointed out by these considerations. No science has 
accumiilated so many and such various treasures as chemistry has done 
during the last 20 years— none is at present so widely extending the 
bounds of our knowledge at this moment as the branch of organic chem- 
istry—men may therefore be excused for entertaining more sanguine 
expectations from the progress of a favourite science than sober reason- 
ing would warrant. Yet it is of importance, I think, and especially in 
a moral point of vie^, that amid all our ardour, we should entertain 
clear and just notions of the kind and extent of knowledge to which we 
are likely to. attain, and^as knowledge in chemistry is really power 
aver matter— 4o what extent this power is likely ever to be earned. 

At present, if we judge from our actual knowledge^, and not irom our 
hopes— there is no prospect of our ever being able to imitate or riVal 
living nature in actually compounding from their elements her nume- 
rous Und varied productions. That we may clearly understand, and be 
able to explain many of her operations, and even to aid her in effecting 
them, is no way inconsistent with an inability to imitate her by the re- 
sources of art* This will, I trust, appear more distinctly in the subse- 
quent lecture* 



LECTURE VII. 

Chemic*! cbaoges by wbicb tba wbatancea of which plants chiefly ciiii«i>t tre fenMd from 
those on which they Uve.— CbaDges daring germination— duriim the growth of the plant— 
dnrinf the rlpeoiag of ftniL— Avtuamai cbanfeo. 

HAViNe thus considered the nature and chemical oonstitution of those 
substances which constitute by far the largest part of the solids and 
fluids of living vegetaUeSf we me now prepared (brthe further question 
«— &y wkat tkemical changes these substances of tohich plants consist^ are 
formed out of those on wfiich they live f 

The growth of « plant from the germination of the seed in spring till 
the fall of the leaf in autumn, or the return of the succeeding spring- 
time, may in perennial plants be divided iuto four periods— ^during which 
they either live on difierent food, or expend their main strength in the 
production of different substances. These periods may be distinguished 
as follows :— 

1°. The period of germination-^from the sprouttng of the seed t6 the 
formation of the pertiMst leaf and root. 

2^. From the expansion of the lirst true leaves to the period qf flow- 
ering. 

3°. From the opening of the flower to the ripening of the fruit and 
seed. ■ 

4®. From the ripening of the seed or fniit, till the fell of the leaf and 
the subsequent return of spring. On the ripening of the fruit the func- 
tions of annual plants are in general discharged, and they die ; but per- 
ennial plants have still important duties to perform in order to prepare 
them for the growth of the following spring. 

The explanation of the chemical changes to which oaf attention is to 
be directed will be more clear, and perhaps more simple, if we consider 
them in relation to these several periods of growth. 

§ 1. Chemical changes which take place dmring germination and duriMg 
the development (^ the first leaves €md roots. 

The general nature of the chemical cha<nge» which taHe place during 
germination is sinople and easy to be eomprehended. 

Let us first consider shortly the phenomena which have been observed 
to accompany germination, and the circumstanoe^ which are most fa- 
vourable to its rapid and healthy progress. 

1°. Before a seed will begin m sprout, k must be placed for a timd in 
a sufficiently moist situation. We have ^ready seen how numerouil 
and important are the functions which water performs in reference to 
vegetable life (Lecture II., p. S6>) in every stage of a plant*s growth. 
In the seed no circulatioa can talse place—no motion amon^ the pam- 
cles of oiattei^— until water has beer largely imbibed ; nor can the food 
be convejred thnragh the growing vessels, unless a ocwslant supply of 
fluid be tifitMded to the seed and its infont roots. 

2<^. A certain degree of wurmth-^ ^ght elevation of temperature- 
is also favourable, and in most cases necessary, to germinatkm. 
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The degree of wamith which is required in order that aeeda may be- 
mn to grow, v^arie9 with the nature of the seed iteeif. Id Nonfaeru Si- 
oeria and other icy couotries, plants are observed to spring up at a tem- 
perature but slightly raised above the freezing point (32^ F.,) but it is 
Uffltiiar to every practical agricuhnriat, that the seeds he yearly con- 
aigDS to the soil require to be protected from the iaclemeDCY of the 
[ weather, and sprout most quickly when they are stimulated hy the 
warmth of approaching spring, or by the heat of a summer^s sua* 

The same fact is ^miJiarly showu in the maiung of barleVi where 
large heaps of grain are moistened in a warm atmosphere* \V heu ger- 
mipation commences, the grain heats spontapeoasly, and the gmwth 
iooreases in rapidity as the heap of com attains a higher temperature. 
It thus api^ars that some portion of that beat which the growth of the 
germ and radicles requires; is provided by naiural processes in the grain 
Itself; in some such way as, in the bodies of animals, a constant supply 
of hoat is kept up by the vital processes— ^by which supply the oooiiog 
eSect of the surrounding air is cootipually counteracted. 

We have seen in the preceding lecture, that the transformations of 
which starch and gum are susceptible, take place with greater certainty 
and rapidity under the influence of an elevated temperature. It will 
preaently appear that such transformations are also affected during ger- 
mination ; there is reason, therefore, to believe that the external warmth 
which is required in order that germinatton may begin, as well as the 
internal heat naturally developed as germination advances, are both 
employed in eflectiog these transformations. Aud, as the young sprout 
shoots more rapidly under the influence of a tropical sua, it is prqbable 
4hat those natural ageneies iu general, by which such chemical transfor- 
jnauoos are most rapidly promoted, are also those by which the pro- 
gress of vegetation is in tee greatest degree hastened and promoted. 

3°. It has been observed that seeds refuse to germinate if they are en- 
tirely excluded from the air. Hence seeds which are buried beneath 
sttciiadepth of soil that the atmospheric air cannot reach them, wiU 
remaiii long unchaBged, evincing no signs of life— and yet, when turned 
f up or brought near the surface, will speedily begin to sprout. Thus in 
^ irenching the land, or in digging deep ditches and drains, the farmer is 
1^ often surprised to And tiie earth, thrown up from a depth of mauy feet, 
^ beoome oovered with young plants, of species long extirpated from or 
but rarely seen in his cultivated fields. 

4^. Vet light is, generally speaking, prejudicial to gerndnation. 
Hence the necessity of covering the seed, when sown in our gardens and 
com fields, and yet of not so £ax burying it that the air shall bs excluded. 
i. In the usual method of sowing broad-castt much of the grain» even after 
bavrowiog, remains uocovered ; and the prejudieial influence of light in 
preventing the healthful germination of such seeds is no doubt one rea- 
400 why, by the method of dibbling, fewer seeds are observed to fail, and 
«Q equal r^turu of corn is obtained from a much smaller expenditure of 
feed. 

The reason why light is prejudicial to germination, as well aa why 
the presence of atmospheric air is necessary, will appear from the (of- 
lowiog observation :— 

5°* When seeds are made to germinate io a limited portion of atmos- 
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pheric air, the bulk of the air undergoes no material alteration, but on 
examination its oxygen is found to have diminished, and carbonic acid 
to have taken its place. Therefore, during germination, seeds absorb 
oxygen gas and give off earbonie acid* 

iience it is easy to understand why the presence of air is necessary 
to germination, and why seeds refuse to sprout in hydrogen, nitn^n, 
or carbonic acid gases. J%ey cannot sprout unless oxygen be imthin 
their reach. 

We have seen also in a previous lecture that the leaves of plantsin 
the sunshine give off oxygen gas and abdorb carbonic acid,»wfaile in 
the dark the reverse takes place. So it is with seeds which have begun 
to germinate. When exposed to the light they give off oxygen instead 
of carbonic acid, and thus the natural process is reversed. But it is ne- 
cessary to the growth of the young germ, that oxygen should be absorb- 
ed, and carbonic acid given of— and as thb can take place to the requir- 
ed extent only in the dark, the cause of the prejudicial action of light is 
sufficiently apparent as well as the propriety of covering the seed with a 
thin layer of soil. 

6^. During germination, vinegar (acetic acid) and diastase are pro- 
duced. That such is the case in regard to the latter substance, has been 
proved in the previous lecture, (p. 118.) That acetic acid is formed is 
shown by causing seeds to germinate in powdered chalk or carbonate of 
lime, when after a time acetate of lime* may be washed out from the 
chalk (Braconnot) in which they have been made to grow. The acid 
contained in this acetate must have been formed in the seed, and after- 
wards excreted or thrown out into the soil. 

7^. When the germ has shot out from the seed and attained to a sen* 
sible length, it is found to be possessed of a sweet taste. This taste is 
owing to the presence of grape sugar in the sap which has already be- 
gun to circulate through its vessels. 

It has not been clearly ascertained whether the vinegar or the dias- 
tase is first produced when germination commences, but there seems 
little doubt that the grape sugar is formed subsequently to the appear- 
ance of both. 

8^. The young shoot which rises upwards from the seed consists of 
a mass of vessels, which gradually increase in length, and after a short 
time expand into the first true leaves. The vessels of this first shoot do 
not consist of unmixed woody fibre* It is even said that no true wood 
is formed till the first true leaves are developed.~^[Lind]ey^a Theory of 
Horticulture,] The vessels of the youoff sprout, therefore, and of the 
early radicles, probably consist of the edlular fibre of Payen. Tht^ 
are unquestionably formed of a substance which is in a state of transition 
between starch or sugar and woody fibre, and which has a constitutioD 
analogousf to that of both. 

Having thus glanced at the phenomena which attend upon gemuna- 
tion, let us now consider the chemical changes by which these pheooni- 
ena are accompanied. 

1^. The seed absorbs oxygen and gives off carbonic acid. We have 

• Acetate qfUme ie a compound of acettc acid (▼inegar) and Ume, and may be prepared bj 
diaaolviof chalk in vinegar. It is very aolable in water. ^ <- r- / 

t By Qnalagoue I mean which may be repreMnCed by carbon and water. 
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already seen that the starch of the seed (Ci, Hio O,o) may be repre- 
aented by carbon and water, — ^by 12C -f lOHO. Now it appears that 
in contact with the oxygen of the atmosphere, a portion of the starch is 
actually separated into carbon and water, the carbon at the moment of sepa- 
ration uniting with the oxygen, and forming carbonic acid (CO,). This' 
acid is^iven off into the soil in the form of gas, and thence partially es^ 
capes into the air; but fi>r what immediate purpose it is evolved, or how 
its formation is connected with the further development of the germ, has 
not hitherto been explained. 

2°. The formation of acetic acid (vinegar) from the starch of the 
grain is also easy to comprehend. For, as we have already seen, 
Staacu . . . = C,a H 0,0 
3 of ViNEeAR . . =C,a Ho Oo 

DiSerence = H, O, ; or the elements of 
an atom of water. Therefore, in this early stage of the growth of the 
germ a portion of the starch is deprived of the elements of an atom of 
"water, and at the same time transformed into vinegar. 

Why is this vinegar formed ? . It b almost as difficult to answer this 
question as to say why carbonic acid is evolved from the seed, though 
both undoubtedly serve wise and useful ends. 

It has been explained in the preceding lecture how the action of dilute 
aeids gradually changes starch into cane sugar, and the latter into grape 
sugar. Wtiile it remains in the sap of the sprouting seed, the vinesar 
roav aid the diastase in transforming the insoluble starch into soluble 
food for the plant, and may be an instrument in securing the conversion 
of the cane sugar, which is the first formed, into grape sugar,— since 
cane sugar cannot long exist in the presence of an acid. 

After the acetic acid is rejected by the plant, it may act as a solvent 
on the lime and other earthy matters contained in the soil. Liebig sup- 
poses the especial function of this acid — the reason why it is formed m 
the germ and excreted into the soii-^to be, to dissolve the lime, &c., which 
the soil coBtains, and to return into the pores of the roots, bearing in so- 
lution the earthy substances which the plant requires for its healthy 
grawifa. This is by no means an unlikely function. It is only conjec- 
tural, however, and since the experiments of Braconnot have shown that 
aeettUe of lime, even in small quantity, may be injurious to vegetation. 
It becomes more doubtful how far the formation of this compound in the 
6oiI, and the subsequent conveyance of it into the circulation of the plant, 
can be regarded as the special purpose for which acetic acid is so gene- 
rally produced during germination. 

3°. The early sap of the young shoot is sweet ; it contains grape su- 
gar. This sugar is also derived from the starch of the seed. Being 
rendered soluble by the diastase formed at the base of the germ, the 
ataroh ia gradually converted into grape sugar as it ascends. The rela- 
tion between these two compounds has been already pointed out. 
Starch ..... =CiaHioOt0 
Grape Sugar . , , ==C,2 H,, Oi, 

Difierence . . . . = H, O^; or the ele- 

tnents of two atoms of water. The water which is imbibed jby the ^teA 
12 
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from the soil, forms an abundant sonrce from which the wbde of the 
starch, rendered soluble by the diastase, caa be supplied with the ele- 
ments of the two atoms of water which are necessary to us subsequent 
conversion into grape sugar ^ , 

4<>. The diastase is formed when the seed begins to sprout, at tlie ex- 
'pense of the gluten or vegetable albumen of the seed, but as its true 
constitution is not yet known, we cannot explain the exact chemical 
changes by which its production is effected. 

50. When the true leaf becomes expanded, true wood first appears 
in sensible quantity. By what action of the sun's rays upon the leaf 
the sugar already in solution in the sap is converted into woody fibre, 
we cannot explain. The conversion iuelf is in appearance simple 

enough, since ^ t, i-. j 

Grape Sugar . . . = C12 Hi, Uiai an« 
Woody Fibre . . .^ = Ci2H8 Og 

Difference . . . . = H4 O4 ; or the former 
must part with the elements of four atoms of water only, to be prepared 
for its change into the latter, ^ut the' true nature of the molecular* 
change by which tills transformation is brought about, as well as the 
causes which lead to it and the immediate instruments by which it is 
effected, are all still mysterious. , 

§2. Of the chemical changes which take place from the formation of (he 
true lec^to the expansion of the flower. 

When the true leaf is formed the plant has entered upon a neW stage 
of its existence. Up to this time it is nourished almost solely by the 
food contained in the seed, — it henceforth derives its sustenance from the 
air and from the soil. The apparent mode of growth is the same, the 
stem shoots upwards, the roots descend, and they consist essentially of 
the same chemical substances, but they ate no longer formed at the ex- 
pense of the starch of the seed, and the chemical changes of which tl^oy 
are the result are entirely different. 

1°. The leaf absorbs carbonic acid in the sunshine, and gives off ox- 
ygen in equal bulk.f It is in the light of the sun that plants increase in 
size — ^their growth, therefore, is intimately connected with this absorp- 
tion of carbonic acid. 

If carbonic acid be absorbed by the leaf and the whole of its oxygen 
given off* again,t carbon alone is added to the plant by this function of 
the leaf. But it is added in the presence of the water of the sap, and 
thus is enabled by uniting with it to form, as jt may he directed^ or as 
may be necessary, any one of those numerous compounds which may 

* AU bodiofl are supposed to consist of particles or maZecutet of exceeding miottteneRS, 
and all chemical clianges which take place in the same mass of matter are sapposed to be 
owing to the different ways in whir.h these particles arrange themselves. We uiay form a 
remote idea of the way-in which different positions of t^e same particles may produce dif- 
ferent substances, by considering how different figures in fifosaic may be produced by dif- 
ferent arj^ngements of the same number of equal and similar fragments ofvaribas coloun. 

t Such iMtensibly the result of experiment. How far this result can be considered as uni- 
versally true, will be examined hareafter 

t b will be recollected that carbonic acid contains its own bulk ofozvgen gas : if, thereforp, 
the leaf give off the same bulk of oxygen as It absorbs of carbonic acid, the result must be ta 
stated in the text. 
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be represented by carbon and water, (p. Ill,) and of which, as we have 
seen, the solid parts of plants are chiefly made up. 

There are two ways in which we may suppose the oxygen given off 
by the Jeaf to be set free, and the starch, sugar, and gum, to be subse- 
<}uently formed. 

A. The action of light on the leaf of the plant may directly decompose 
the carbonic acid after it has been absorbed, and cause the oxyeo to sep- 
arate from the carbon^ and escape into the air ;— while at the same in- 
stant the carbon thus set free, may unite with the water of the sap in 
difierent proportions^ so as to produce either sugar, gum, or starch. 
Suppose 12 atoms of carbonic acid (12 CO^) to be thus decomposed, and 
their carbon to unite with 10 of water (10 nO), we should have 

from 12 of CARBorvjc Acid . = Cja 

which united to 10 of Water . . . = ' Hjo Ojo 

would give 1 of GrUM or of Cane Sugar = C,3 Hjo O,o 
"wJiile 24 of oxygen would be given off, the whole of which tvould have 
been derioedfrom the carbonic add absorbed by the plant. 

B. Or the action of the sun's rays may be directed, in the leaf, to the 
decomposition.^ not of carbonic add, but of the water of the sap. The oxy- 
gen of the water may be separated from the hydrogen, while at the same 
instant the latter element (hydrogen). may u^ite with the carbonic acid 
to produce the sugar or starch. The result here is the s0me as before, 
but the mode in which it is brought &bout is v«ry differently represented, 
and appears much' more complicated. Thus, suppose 24 of water 
(24 HO) to be decomposed, and to give off their oxygen into the air, 24 of 
oxygen would be evolved as in the former case, the whole oi which would 
he derived from, the decomjyosition of water, while there would remain 

34 of Htdrooen . . = H4.- 

Let this act on 12 of Carbonic Acid = Oi, 0^4 



and we have as the result ..... G,^ H24 O24 ; 

Starch, &c. Water. 

or C12 Hio 0,0 + 14HO. 

According to this mode of representing the chemical changes, water is 
first decomposed and its oxygen evolved, then its hydrogen again com- 
bines with the carbon and oxygen of the carbonic acid, and forming two 
products— water and sugar or starch. This view is not only more com- 
pltealed, but it supposes the same action of light to be— continually, at 
the same time, and in the same circumstances — ^both decomposing wa- 
ter and r«-forming it from its elements. While, tlierefore, there can be 
no doubt, for other reasons not necessary to be stated in th^s plaCe, that 
the light of.ihe sun really does decompose water in the leaves of plants, 
and morein some than in others — yet it appears probable that the oxygen 
evolved by the leaf is derived in a great measure from the carbonic acid 
which is ab^rbed ; and that the principal part of the solid substance of 
living vegetables, in so far at least as it is derived from the air, is pro- 
duced by the union of the carbon of this acid with the elements of tlie 
water in the sap.* 

* I oc%bt ool to paM unnoticed the opinion of Persoz iChemie Mbteeuiaire\ that the 
jtafcb, gum, dec., orplants are formed bj the union of cmbc/nic oxide (CO) with the necea- 
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We have seen reason to conclude (p. 63) that, while plants derive 
much of their sustenance from the air, they are also fed more or less 
abundantly by the soil in which they grow. From this soil they ob- 
tain through their roots the carbonic acid which is continually given off 
by the decaying vegetable matter it contains. This carbonic acid will 
ascend to the leaf, and will there undergo decomjxwitton along with that 
which is absorbed by the leaf itself. At least we know of no function 
of the root or stem by which the carbonic acid derived from the soil can 
be decomposed and deprived of its oxygen before it reaches the leaf. 

It is distinctly stated, indeed, by Sprengel, [see above, j). 92,] that 
when the roots of a plant are in the presence of carbonic acid, the oxy- 
gen given off* by the leaf is greater In bulk than the carbonic acid ab- 
sorb^. But there is one observation in connection with this point which 
it seems to me of importance to make« The leaves supply carbon to 
the plant only in the form of carbonic acid, and they give on a bulk of 
oxygen gas not exceeding that of the acid taken in, [see note, below.] 
But if the carbon derived from the soil be also absorbed in the form of 
carbonic acid, and if the oxygen, contained in this portion of acid is also 
given off by the leaf-neither the quantity drawn from the soil must be 
small, compared with that inhaled from the air, or tlie oxygen given off 
by the leaf must, in the ordinary course of vegetation, be sensibly great- 
er than the bulk of the carbonic acid which it absorbs. 

We are too Kttle familiar with the chemical functions of the several 
parts of plants to be able to pronounce a decided opinion on this point ; 
but it appears evident that one or other of the three following conditions 
must obtain :— 

(a). Either in the general vegetation of the globe the bulk of the oxy- 
gen gas given olT by the leaf during the day must always be oonsidera* 
bly greater than that of the carbonic acid absorbed by it ; or 

(b)» The root or stem must have the power of decomposing carbonic 
acid and of separating and setting free iu oxygen ; or 

(c). The plant can derive no considerable portion of its carbon from 
the soil, in the form of carbonic acid. 

If the experiments hitherto made by the vegetable physiologists be 
consideced of so decisive a character as to warrant us in rejecting the 
two former conditions, the third becomes also untenable. 

Hury proportionn of oxygen and hydrofen derived from the water of theaap. Thia opioion 
implies that, io the leaC carbonic acid (COs ) la decomposed into carbonic oxide and oxy* 
ten (CO 4- O), and that water likewine is decomposed,— the oxygen produced by both de. 
compositions beinc given off either into the air hj the leaves, or into the noil by the foota. 
The production ofgrape sugar, therefore, accordins to this hypothesis, would be thus repre* 
■ented :-— There are retained, and given aS, 

Froml2ofCAi»oNio AciD = ieC0;i • • • Ci3 Qta Pis 

Fn>ml2ofWATSB- • • =:12HO ... His Oia 



Ci2 Hit Ois Om 

grape sugar 

Of the ai of oxygen thus given off, the opinion of Persoz is, that only one-half Is evoWed 
by the leai;--and theprincipal iact on which his opinion rests is that obserred by De aatt» 
sore, that planta of Vtnca minor gave off by their leaves, in his experiments, only two-thirds 
Of the oxygen contained in the carbonic Acid they absorbed. This resuh lias led Bera^lios 
also to conjecture that the leaves of plants do not retain merely the carbon of the carbonic 
acid, but some compound of carbon with oxygen, containing much less of this element ttian 
the carbonic acid ^ea{TraUe de C9iemie, v., p. G9>. The principal objection to thia Yievr, 
however, is the quantity of oxygen it supposes to be rejected by tne root The experiments 
on wMch it to founded require confirmatioii and extension. 
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3^. Without dwelHng at present on this point, the above coosidera* 
tioQS may be regarded as giving additionai strength or probability to the 
coficlusioos we formerly arriv^ at (p. 63) from other premises-— that 
the roots, besides carbonic acid, absorb certain other sohible organic 
compounds, which are always present in the soil in greater or less 
quantity, and that the plant appropriates and converts these into its own 
sabstance. Some of these organic com pounds may readily, and by ap- 
parendy simple changes, be transformed into the starch and woody fibre 
of the living vegetable. The illustration of this fact will be reserved 
until, in the second part of these lectures, I come to treat of the vegeta- 
ble portion of soiU, and of the chemical nature and constitution of the 
organic compounds of which it consists, or to which it is capable of giv- 
ing rise, " ' 

4^. The chemical changes above explained (a), show how, fiofu 
carbonic acid and the elements of water, sobstances possessed of the 
elementary eoostitotion of sugor and gum mavt by the natural processes 
of vegetable life, obtain the elements of which they consist, and in .the 
requisitis proportions. They throw no 4ight, however, upon the me- 
chanism by which these elements are constrained, as it were, to assume 
first the Ibrm of gum or sugar, or soluble starch, and afterwards^ in 
another part of tlie plant, of insoluble starch and woody fibre. 

li is ^uown that the sap deposits starch and woody fibre in the stem, 
only in its descent from the leaf,— 4nd it is, therefore, inferred that the 
action of light upon the sap, as it passes through the green parts, is ne- 
cessary to dispose the elements to arrange themselves in the form of 
vascular fibre or lignin. And as, by the agency of nitric acid, staech 
appears to be convertible into woody fibre (p. 126), it is not unlikely 
that the soluble substances, containing nitrogen, which are present in 
the sap may— as diastase does upon starch— ex^x^ise an agency in trans* 
forming the soluble sugar, gum, &c., of the sap into the insoluble starch 
and W4M)dy fibre of the seed and the stem. We are here, however, upon 
uncertain ground, and I refrain from advanoine any further conjectures. 

Two great steps we have now made. We nave seen how the germ 
lives and grows at the expense of the food stored up in the seed— and 
how, when it has obtained roots and leaves, the plant is enabled to ex- 
tract from the air and from the soil such materials as, in kind and quan- 
tity, are fitted to build up its several parts during its future growth. 
Thait considerable obseurity still rests on the details of what takes place 
in the interior of the plant, does not detract from the value of what we 
have alrea<dy been able to ascertain. 

§ 3. On ike prodtiction of oxalic add in the leaves and stems of plants. 

In the preceding section we have studied the origin of those sub- 
stances only which form the chief bulk of the products of vegetation, 
and which are characterized by a chemical constitution of such a kind 
as enables them to be represented by carbon* and water. But during 
the stage of vegetable growth we are now considering, other compounds 
totally different in their nature are also produced, and in some plants in 
sufficient quantity to be deserving of a separate consideration. Such is 
the case witl^ oxalic acid. 

The circttmstances under which this acid occurs in nature have al* 
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ready been detailed. It is foand in small quantities in many plab^. 
The potash in forest trees is supposed to be in combination with oxalic 
acid, while in the lichens oxalate of lime serves a purposesimilar to that 
perfoi'med by the woody fibre of the more perfect plant; it forms the 
skeleton by which the Tegetable structure is supported, and through 
which its vascular system is diffused. 

The production ch* this acid in the living plant is readily understood 
when its chemical constitution (C2 O3) is compared with that of car- 
bonic acid (CO3). For 

2 of Carbonic Acid = C^ O4 

1 of Oxalic Acid =.Ca03 

Difference . . . Oj 

That is to say, 2 of carbonic acid are transformed into 1 of oxalic acid 
by the loss of 1 equivalent of oxygen— or generally, carbonic emd by the 
loss of one-fourth of its oxygen may be converted into oxalic add^ 

But the leaf absorbs carbonic acid and gives off oxygen. In the lichens, 
therefore, which contain so much oxalic acid, a large portion of the car- 
bonic acid ab^rbed is, by the action of light, deprived of only one-fourth 
of its oxygen, and is thus changed into oxalic acid. The same is true to 
a smaller extent of the sorrel leaves and stems, which owe their sour- 
ness to the presence of oxalic acid-^of the leaves and stems of rhubarb 
also— in a still smaller degree of the beech and other large trees, in 
which much potash, and probably also of marine plants, in which 
much soda is found to exist. It must be owing to the peculiar structure 
of the leaves of each genus or natural order of plants, that the same ac- 
tion of the same light decomposes the carbonic acid in different degrees 
—evolving in some a less proportion of its oxygen, and causing in such 
plants the formation of a larger quantity of oxalic acid. 

The fact of the production of this oxalic acid, to a Very considerable 
amount in many plants, is a further proof of the uncertainty of thote 
experiments from which physiologists have concluded that the leaves 
of plants emit a bulk of oxygen sensibly equal to that of the carbonic 
acid absorbed.* 

I have referred the production of more or less oxalic acid in different 
plants to the special structure of each, and this must be true, where, in 
the same circumstances, different results of this kind are observed to 
take place— as where sorrels and sweet clovers grow side by side. Yet 
the influence of light Of different degrees of intensity on the same plant, 
is beautifully shown by the leaves of the Sempervivum arboreum, of the 
Pbrtuiacaria afia, and other plants which are sour in the morning, tasteless 

• Were we permiUed, in the absence of decisive experiments, to state as true what theo- 
retieal considerations plainly indicate, W6 should say— 

l^. That plants containing mach oxalic or other similar acids, and not deriving mtich car. 
bonic acid from the soil, must give off from their leaves a buUc of oxygen Itsa than that of the 
carbonic acid ab8ort>ed. 

20. That plants containing no sensible quantify of such aeids, nor fed by carbonic acid 
"?5? ?i? "°!!? ™*y evolve oxygen sensibly equal in bulic to Uie carbonic acid absorbed. 

8°. That if little of these acids be present, and much carbonic acid be absorbed from the 
soil, the volume of oxygen given off by the green parts of the plant must be sensibly greats 
than that of the carbonic acid they absorb. 

4<*. That the leaves of the pines and other trees containing much turpentine— in which 
hydrogen is in excess— must at all times give off oxygen in greater bulk than the carbonic 
acid they absorb. They must decompose water as well as carbonic acid, and evolve the 
oxygen of both. 
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in the middle^ the day, and hitter in the evening, — [Sprenge , ChendCi 
II., p. 321 J During the night the oxygen has accumulated in these plants 
and formed acids containing oxygen in excess (p. 127.) As the day ad- 
vances this oxygen is given off; under the influence of tight the acids are 
decomposed, and the sourness disappears. 

In the juices of plants before the period of flowering, otlier acids are 
met with besides the oxalic acid, though in much smaller quantity. As 
the most important of these, however, occur rtiore abundantly in fruits, 
we shall consider the theory of their formation in the following section. 

§ 4. Of the chemical changes which take place between the opening of the 
jLower and ike ripening of the fruit or Ued* 

Th^ opening of the flower is the' first apd most striking step taken by 
the plant towards the production of the seed by which ks species is to be 
perpetuated. That at this period a n«w series of chemical changes com- 
mences in the plant is obvious from the following facts :— - 

1^. That the flower leaves absorb oxygen and emit carbonic acid both 
by day* and by night (p. 95.) • 

2°. That they also occasionally emit pure nitrogen gas. 

3*^. That the juice of the maple ceases to be sweet when the flowers 
are. matured (Liebig,) and that, in the sugar cane and beet root, the sugar 
becomes less abundant when the plant has begun to blossom. 

These facts sufficiently indicate the commencement of new changes 
in the interior of plants at this period of their growth. . That such changes 
^ on until the ripening of the seed is also evident fiom these further ob- 
servations :— 

\^. That the husk of the future seed, as in the corn-bearing grasses 
(wheat, oats, &c.,) is filled at first with a milky li«iuid, which becomes 
gradually sweeter and more dense, and finally consolidates into a mix- 
ture of starch and gluten, such as is presented by the flour of diflerent 
species of corn. 

^. That the fruit in which the seeds of many plants is enveloped is 
at first tasteless, afterwards more! or less sour, and finally sweet. In a 
few fruits only, as in the lime, the lemon, and the tamarind, does a suf- 
ficient quantity of acid remain to be seiisible to the taste, when the seed 
has become perfectly ripe. The acid and ^cellular fibre both diminish 
while the sugar increases. . ^ ^ 

3°. That fruits, while green, act upon the air like the green leaves and 
twigs— but that, as they approach maturity, they also absorb or retain 
oxygen gas (De Saussure.) The same absprption of oxygen takes place 
when unripe fruits are plufcked and left to ripen in the air (Berard.) 
After a time the latter also emit carbonic acid. 

I. — FORUATIOX OF THE SEED. 

In the case of wheat, barley, or other plants, which yield farinaceous 
deeds. We have seen that previous to flowering the chief energy of the 
living plant is expended in the production of the woody fibre of which 
its stem and growing branches mainly consist ; and we have also been 
able to understand, in some degree, how this woody fibre is produced 
from the ordinary food of the plant. When the flower expands, how- 

' By day the absorption is the greater, bnt the balk of the oxygen taken In is always 
greater than that of the carbonic acid given o£ 
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ever, the plant has in general, and especially if an adnual plant, reached 
nearly to maturity, and woody fibre is little required. The most im- 
portant of its remaining foncttons is the production of the starch and glu- 
ten of the seed, and of the substances which ibrm the husk by which the 
seed is enveloped. 

Jn the first stages of die plant*8 growth, the starch of the seed is 
transformed into gum and sugar, and subsequently* when the leaves are 
expanded, into woodv fibre. In the last stages of its existence, when it 
is producing the seed!, the sugar of the sweet and milky sap is gradually 
transformed into starch-^that b to say, a process exactly the converse 
of the former takes place. 

We are able,, in some measure, to explain the mode and agency by 
which the former transformation is efiected— the latter, however, is still 
inexplicable. We ean ourselves, by the agency of diastase, transform 
starch into s^ar ; and, therefore, can readily believe such transforma- 
tions to be efiected in the young plant ;— but we as yet know no method 
of r«-con verting sugar into starch ; and, therefore, we can only baautrd 
conjectures as^o the way in which this' change is brought about in the 
interior of the plant during the formation of the seed. 

It is said that nitrogen is given off by the flower leiaf. We know that 
this element is present in the colouring matter o[the petal, and that it is a 
necessary constituent of the albumen and gluten, which are always as- 
sociated with the starch of the seed. It is plain, then, that the nitrogene- 
ous substances [substances containing nitrogen,] contained in the sap itt 
all periods of the plant's growth, are carri^ up iu great quantity to tlie 
flower and seed vessel. These substances are supposed to be concerned aa 
imnaediate agents In eflecting the transformations which there take place. 
More than this, however, we cannot as yet ventui^ even to conjecture. 

II.-— RIFENli:«e OF THE FRUIT. 

In these plants, again, which invest their seed with a pulpy fruit— in 
the grape, the lemon, the apple, the plum, &c.— other changes take 
place, at tbb period, of a more intelligible kind, and otlier substances are 
formed, on the production of which less obscurity rests. At one stage of 
their growth, these fruits, as has been already stated, are tasteless— in the 
next, they are soqr— in the third, they are more or le^ entirely sweet. 

I. In the tasteless state they consist of little more than the substance 
of the leaf—of vascular, or woody fibre, filled with a tasteless s^, and 
tinged with the colouring matter of the green parts of the plant. For a 
time, this voijng fruit appears to perform in reference to the atmosphere 
the usual fiinctions of the leaf-^it absorbs carbonic acid and gives ofl* oxy- 
gen, and thus extracts from the air a portion of the food by which its growth 
is promoted, and its size gradually increased. 

II. But afler a time this fruit becomes sour to the taste, and its 
acidity gradually increases — ^while at the same time it is observed to 
give ofi*a less comparative bulk of oxygen than before. Let us ocmsi- 
der shortly the theory of the production of the more abundant vegetable 
acids contained in firuits. 

1^. The tartaric acid which occurs in the grape is represented by 
C4 Ha O5 (p. VM), 
There are two ways in which we may suppose this acid to be forsaed 
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in the fruit — either directly from the etements of carbonic acid and wa- 
ter with the evolution of oxygen gds— br from the gum and sugar al- 
ready present in the sap aided by the absorption of oxyjgen from the at- 
mosphere. Thus 

A. 4 of CARBOlf IC AC1D= C4 Og 

2 of Water . , = H3 O3 

Tartaric Acid. 

Sum . , = C4 ff 3 Oio or C4 H3 O5 + 60. 
That is, one equivalent of tartaric acid may be formed from 4 of carbon- 
ic acid absorbed by* the leaf or fruit, and 2 of the water of the sap, whiie 
5 of oxygen are at the same time given off by the leaf. Or, 
B« If Grape Sugar be Cja Hi3.0,2 
J of Grape Sugar = C4 H3 O, 
3 of Oxygen . . = O3 " 

TutaricAcKI. Water. 

Sum , . = C4 H3 Oe or C4 Ha O5 -f HO. 
That is, by the absorption from the air of a quantity of oxygen equal to 
that which it already contains, grape sugar may fie converted into tar- 
taric acid and water. 

In the sorrels and other sour-leaved plants, which contain tartaric acid 
in their general sap, the acid may be ftwmed by either of the processes 
above explained. In the sunshine their green parts absorb carbonic 
acid and evolve oxygen. If any of these green parts give off only | of 
the oxygen contained in the carbonic acid they drink in, tartaric acid 
may be produced (A.) In the dark they absorb oxygen and give off 
carbonic acid. If the bulk of this latter gas which escapes be less than 
that of the oxygen which enters, a portion of the sugar or gum of the 
sap may, as above explained (B.), be converted into tartaric acid. 

We have as yet no experiments which enable us to say by which of 
these modes the tartaric acid is really produced in such plants— or 
whether it may not oocasionally be Compounded by both methods. 

In green fruits also, in the sour gnipe for example, it may, in like 
manner, be produced by either method. The only experiments we yet 
possess, those of De Saussure, though not sufficient to decide the point, 
are in favour of the former explanation (A) In the estimation of this 
philosopher, the proportion of the oxygen of the carbonic acid which is 
retained by the fruit, is sufficient to account for the acidity it gradually 
acquires. 

^^. Malic and ciiric adds, — ^These acids are represented (p. 127) by 
the common formulae C4 H3 O4. They may be produced from water 
and carbonic acid, if three-fourths only of the oxygeq of the latter be 
given off. Thus 

4 of Carbonic Acid = C4 O, 
2 of Water ..= 3303 

— : Malic Acid. 

Sum . . = C4 H3 Oio = C4 H3 O4 -f 60. 

That such a retention of one-fOurth of the oxygen of the carbonic acid 
occiasionally takes place in the green fruit, is consistent with the obser- 
vations of De Saussure. The hme and the lemon are fruits on which 
the most satisfactory experiments might be made with the view of fi- 
nally determining this point. 
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III. This forcnadon of acid proceeds foF a certain time, the fruit be- 
coming sourer and sourer ; the acidity then begins to diminish, sugar ii 
formed, and the fruit ripens. The acw rarely disappears entirely, even 
from the sweetest fruits, until tbey begin to decay ; a considerable por- 
tion of it, however, must be converted into grape sugar, as the fruit ap- 
proaches to maturity. This conversion may take place in either of two 
ways. 
1^. By the direct evdution of. the esoess of oxygen* Thus 

3 of Tartaric Acu> = C,, Hj Oj, 

« of Wat«r • . , = H, Oe 

■ , ■ . ,... ■ Grape Sugar. 

Sum . . • ^ Cia "IS ^ai ^^^ ^la "12 ^la "f" 9(jm 

Or grape sugar niay be formed fVom 3 of tartaric acid and 6 of (he water 
of the sap, by the evolution, at the same time, of 9 of oxygen. Citric 
and malic acids, in the same pruportiop, would focm grape sugar by the 
evolution of 6 of oxygen only. 
Do fruits, when they iiave reached their sourest state, begin thaa to 

five off an excess of oxygen ? I know of no experiments which as yet 
ecide the point* 

2®. By the fibaorption of oxygen apd the evolution of carbonic acid* 
Thus in the case of tartaric acid, 
1 of Tartaric Acid = €411,0, 

I of ORTttEN •. . . = O, 

". — • , ^th of Grape Carbonic 

Suoar. Acid. 

Sum . .. = 04 H3 Oe = Ca Hj O3 -H 2 GO3 
Where one of oxygen is absorbed and two of carbonic acid given oSl 
Or in the case of the malic and citric acids, 

1 of Malic Acid = C4 Ha O4 

2 of OxTGER ..= 03 

— ■ )<tfaofOiape Carbonic 

&ogar. Acid. 

Sum . . = C4 H3 O. = Ca Ha Qa^ -f 2 CO, 
Where 2 of oxygen are ahsorbed ana 2 of carbonic acid given on. 

We know from the experiments of Berard that, when unripe fruits 
are plucked, they do not ripen if excluded from the access of oxygea 
gas— but that in the air thej^ ripen, absorbinff oxygen at tlie same timCt. 
and giving off carbonic acid. This second method (2^) therefore eit- 
hibi^ the more probable theory of the rineoin^ of fruits (ifUr ihey are 
plucked ; and if— a« they become cotoured-^rraiXa imitate the petals of 
the flower in absorbing oxygen from the air and giving off carbonic acid, 
it will also represent the changes which take place when they are per- 
mitted to ripen on the tree. 

Durine the ripening of the fruit, it has been stated thajt the woody or 
cellular fibre it contains gradually diminishes, and is converted into su- 
[ar. This is familiarly noticed in some species of hard or winter pears, 
n sour fruit, the cellular fibre seldom exceeds 2^ per cent, of their 
whole weight-; — ^in ripe fruits, however, it is still less, and a^ the eon-* 
atitution of this substance is so analogous to that of grape sugar^ thqre i« 
no difficulty^ in understanding th^ it may be readily converted into the 
latter, though the immediate agency by which the tranciormRtioq ia 
efiected is a^ yet unknown to us. 
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§ 5. Q^ (^e cAemteo^ changes uMck take place after ike ripening of 
the fruit and seed* 

When the seed is fully ripe, the functions of annual plants are di»- 
charged. They no longer require to absorb and decompose carbonic 
acid, for their growth is at an end. Their leaves begin, therefore, to 
take in oxygen only, become fellow, and prepare along with the entire 
plant, for being finally resolved again into those more elementary sub- 
stances from which they were originally compounded. 

On trees and perennial plants, however, a further labour is imposed* 
In the ripened seed th^y have deposited a supply of food sufficient to 
sustain the germ that may spring from it, until it is able to seek food for 
itself; but the young buds already formed,— and which are to shoot out 
from the stem and branches in the ensuiiSg spring,^are in reality so 
many young plants for which a store of f(X)d has yet to be laid up in the 
inner bark, and in the wood of the tree or shrub itselC 

In the autumn, the sap of trees and permanent shrubs continues to 
flow rapidly till the leaf withers and falls, and the food of the plant is 
converted partly into woody fibre, as was the case during the earlier 
period of the year, and partly into starch. The former is deposited be- 
neath the inner bark to form the.new layer of wood by which the tree is 
annually enlarged ; the latter— partly in the same locality, as in the 
birch and pine — partly throughout the substance of the wood itself, as in 
the willow — while in the palm trees and cycadeae, it is intermingled 
with the central pith. The chemical changes by which the food is ca- 
pable of being converted into these substances have already be^n con- 
sidered. They proceed during the entire autumn, dQ not cease so long 
as the sap continues to move, and even in the depth of winter slowly and 
silently operate in storing up farinaceous matter— in readiness, Kke the 
starch in the seed, to minister to the nourishment of the young bud, when 
the warmth of the coming spring shall awaken it from its long sleep. 

^S, Of the rapidity with tohieh these changes take place, and the 
dreumstanees by which they are promoted. 

But remarkable as those chemical changes are, the rapidity wkh 
which they sometimes take place is no less surprising. 

From carbonic acid and water we have seen that the plant, by very 
intelligible processes, can extract the elements of which its most bulky 
parts consist— and can boild them up in many varied ways, most of which 
are probahly beyond the reach of imitation. But who can understand or 
explain the extraordinary activity which pervades the entire vascular 
system of the plant, v^hen circumstances are favourable to its growth? 

A stalk of wheat has been observed to shoot up three inches in as 
many days, of barley six inches in the same time, and a vine twig 
almost two feet, or eight inches a day (Du HameH. Gucambers have 
heen known to acquire a length of twenty-four inches in six days, and 
in the Botanic Garden at Brussels I was shown a bamboo five inches in 
diameter, which bad increased in height nine feet io twenty-seven days, 
•olxietimes making a progress of six to eicht inches in a day* In our 
climftte we naeet with few illustrations of the rapidity with which plants 
are capahle of springing up in the most favourable circumstances, and 
the ilbove examples probably give as only an imperfect idea of the ve* 



144 inFLUEircx or tAuvx substances and kakubeb. 

locity with which the bamhoo, the paJm, the tree fern, and other vasini- 
lar plants, may grow in their native soil and climate. And with what 
numerous and complicated chemical changes is the production of every 
grain of the substance of these plants attended-— how rapidly must tlie 
food be selected and absorbed from the air and from the isoil— how 
quickly transformed and assimilated ! 

The long period of tiniQ during which, year after year, these changes 
may proceed in the same living vessels, or in the same tree, is no less 
wonderful. Oaks have lived to an age of 1500 or 2000 years— yew 
trees to 3000 years— and other species are mentioned as having flour- 
ished from 4600 to 6000 years ; while even a living rose tree (rosa 
cahina) is quoted by Sprengel as being already upwards of 1000 years 
old, — [Sprengel, Lehre vom Dunger, p. 76.] 

The rapidity of the growth of a plant, and the length of its life, are 
equally affected by circumstances. On a knowledge of these circum- 
stances, and of the means of controlling or of producing them, the en- 
lightened practice of agriculture is almost entirely dependent. 

Over the natural conditions on which vegetation in general depends, 
we can exercise little control. By hedge-rows and plantations we can 
shelter exposed lands, but, except in our conservatories and hot-houses, 
the plants we can expect to cultivate with profit will always be deter- 
mined by the general climate in which we live. So the distribution of 
rain and sunshine are beyond our control, and though it is aspertatned 
that a thundery condition of the atmosphere is remarkably favourable to 
vegetable growth, [Sprengel, Lehre vom Diinger, p. 73], we cannot 
hope that such a state of the air will ever be induced at the pleasure or 
by the agency of man. But under the same natural conditions of cli- 
mate, there are many artificial methods by the use of which it is within 
our power to accelerate the growth, and to increase the produce, of the 
most valuable objects of ordinary culture. 

Thus the germination of seeds in general is hastened by watering with 
a solution of chlorine (Davy), or of iodine or bromine (Blengini), and 
Davy found that radish seed which germinated in two days when wa- 
tered with solutions of chlorine or sulphate of iron, required three when 
watered with very dilute nitric acid, and five with a weak solution of 
sulphuric acid. 

It is familiarly known also in ordinary husbandry, that the applica- 
tion of manures hastens in a similar degree the development of all the 
parts of plants during every period of their growth^and largely increases 
the return of seed obtained from the cultivated grains. Ammonia and 
its compounds likewise, and nitric acid and its compounds, with many 
other saline substances existing in the mineral kingdom and occurring in 
soils, or which are produced largely in our manufactories, have been 
found to produce similar efiects. 

It would be out of place here to enter upon tlie important and interest- 
ing field opened up to us by a consideration of the influence exercised 
by these and other substances, in modifying both in kind and in degree the 
cfiemical changes which take place in living vegetables. The tnie mode 
of action of such substances— their precise eflects — the circunlstances 
under which these effects are most certainly produced— and the theoreti- 
cal views on which they can be best accounted for— will form a subject'of 
special and detailed examination in the third part of the present lectures. 



LECTURE VlII. 

I|pw the su(>ply of food for plants it kejH op id the general vegetation of the globe.— Propor- 
tion of their footi drawn bv plants from the air.-Supply of carbonic acid.-SiippIy of ammo- 
nia and nitric acid.— Pnodttction of both in nature.— Theory of their action on Uvhig vege* 
tahle9.-<:!onGluding observatioas. 

Havin© shown in the preceding Lecture in what way, and by what 
chemical changes, the substances of which plants chiefly consist may 
be produced from those on which they live,— there remains only one 
further subject of inquiry in connection with the organic constituents of 
plants. 

Plants, as we have already seen, derive much of their sustenance from 
the carbonic acid of the atmosphere ; yet of this gas the air contains only 
It veiry small fraction, and in so far as experiments have yet gone, this 
fractional quantity does not appear to diminish — ^how, then, is the sup- 
ply of carbonic acid kept up 1 

Again, plants most probably obtain much of their nitrocen either from 
ammonia or from nitric acid ; and yet, neither in the soil nor in the air 
do these compounds permanently exist in any notable quantity,— whence 
then is the supply oif these substances brought within the reach of plants 1 

The importance of these two questions will appear more distinctly, if 
we endeavour to estimate how ipuch of their carbon plants really draw 
from the atmosphere — and how much of the nitrogen they contain must 
be derived from sources not hitherto pointed out. 

§ I. Of the proportion of their carbon which plants derive from the 
atmosphere* 

On this subject it is perhaps impossible to obtain perfectly accurate 
resiilts. Several series of experiments, however, have been published, 
which enable us to arrive dt very useful approximations in regard to the 
proportion of their carbon which plants, growing in a soil of ordinary 
fenility, and in such a climate as that of Great Britain, actually extract 
from th&air by which they are surfeunded. 

1°. In an experiment made in 1824, upon common borage (Borage 
officinalis), Larapadius found that after a growth of five months (from 
the 3rd of April to the 6th of September) this plant produced ten times 
As much vegetable matter as the soil in which it grew had lost during 
the same period.* In other vrordsyit had dratofinine'tenths of its car- 
ion from the air, 

2°. The experiments of Boussingault were made, if not with more 
care, at least upon a greater number of plants, and were protracted 
through a much longer period. It is necessary that we should under- 
stand the principle on which they were conducted, in order that we 
may he prepared to place confidence in the determinations at which he 
arrived. 

* The above experiment may have been correctly made, but the result appears at first 
sight too startling to be readiljr received as indicative of the proportion of tlieir sustenance 
drawn by plants from the air in the general vegetation of the globe. 
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If we were to examioe the soil of a field on which we are about to 
raise a crop of corn— and should find it to contain a certain per-centage, . 
say 10 per cent, of vegetable matter (or 5 per cent, of carbon) ;^-and 
after the crop is raised and reaped should, on a second examination, 
find it to contain exactly the same quantity of carbon as before, we 
could not resist the conviction, that, with the exception of what was 
originally ia the seed, the plant during its growth had drawn from the 
air all the carbon it contained. The soil kaving lost none^ the air must 
have yielded the whole supply. 

Or if after examining the soil of oar field we mix with it a supply of 
farm-yard manure, contaioinff a known weight, say one ton of carbon, 
and when the crop is reaped nnd as before that the per-centage of vege- 
table matter in the soil has sufiered no diminution,* we are justified in 
concluding that the crop cannot, at the utmost, have derived from the 
soil any greater weight of ks cairbon than the ton contained in the ma- 
nure which had been added to it. 

Such was the principle on which Bous8in|anlt'8 experiments were 
conducted. He determined the per-centage of carbon in the soil before 
the experiment was begun — the weight added in the form of manure-*- 
the quantity contained in the series of crops raised during an entire rota- 
tion or course of cropping, until in the mode of culture adopted it was 
usual to add manure again— and lastly, the proportion of carboti te* 
maining in the soil. By this method he obtained the following results 
in pounds per En^ish acre, in three difierent courses of cropping, and 
on the same land :-^ 

Cwboa CftrboQ Wtkmace. or 

in the in Carbon derived Tt»MA»»<i 

manure. tbecrope. Aromtheatr. 

C The first was Sk 5 yean' 
course— of potatoes or 
red beet with manure^ 
wheat, clover, wheat, 
oats; the second and 
most productive rota- 
tion was abandoned on 
account of the climate ; 
the third was a 3 years* 
course. 

The result of the first course indicates that— the land remaining in 
equal condition at the end of the four years as it was at the beginning—* 
the crops collected during these years contained three times the quantity 
of carbon present in the manure, and therefore the plants, during their 
growths must on the whole have derived ttoo-thirds of their carbmfrmn 
the air. 

It will be shown in a subsequent section that even when the soil is 
lying naked the animal and vegetable matter it contains is continually 
iindergoing diminution, owing to decomposition and the escape of vola- 
tile substances into the air. It is fair, therefore, to assume that a cod- 

' I need eearcelj remark that, in the hands of a good farmer, who keepa bis land in good 
heart— the qaantit/ of organic matter in the soil at the «nd of his coarse of croppinc shoald 
be as great, at least as it was at the beginning of his rotation, before the addition of the 



Fir^t Course 2513 7544 5031 

Second do. -^ — 6839 

Third do. — — 3921 
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siderable nortion of the carbon of the manure and of iJie soil would 
. naturally uisappear during the four years* cropping above-mentioned, 
and that, therefore, the proportion of carbon derived from the airjn 
Bous$ingault*s experiments, must have been really considerably greater 
than is indicated by the numerical results. 

I^et two-thijrds of the entire quantity of carbon contained in a series of 
crops be taken as the average proportion, [Lecture II., p. 31,1 which, on 
cultivated land in our climate, must be derived from {he air in the form 
of carbonic acid— and let the average weight of the dry crop reaped be 
estimated at a ton and a half per acre. Then, if the crop contain half 
its weight of carbon,* the plants grown on each 8cre must annually ex- 
tract froni the air 10 cwt. or 1120 lbs. of carbon in the form of carbonic acid. 

§ 2. Of the relation which the quantity of carbon extracted hy plants from 
ike air^ hears to the whole quantity contained in the atmosphere* 

But the question will here at once suggest itself to you^-does not tlie 
quantity thus extracted from the air really form a very large proportion 
of the whole weight of carbon which is contained in the atmosphere ? A 
simple calculation will give us clear ideas in regard to this interesting 
point. 

We have already seen that, by the results of Pe Snussure, the aver- 
age quantity of carbonic acid in the atmosphere of our globe may be 
estimated at y^. pain of its entire bulk. This is equal very nearly 
to -g^ of ks weight. t Of taking the whole weight of the atmosphere 
at 1^ Ihs. on the square inch-— that of the carbonic acid will be 0*009 Iba. 
or 63 grs. per square inch. But as carbonic acid contains only 27f per 
cent, of i|9 weight of carbon, the weight of this elemebt which presses 
on each square inch oi the earth** surface is only 17f (I7*3d) grs. Upon 
an acEQ this anoouBts to 7 tons.t 

Bqt if the crop cm each acre of cultivated laad annually extracts from 
the air half a ton of carbon, tlie whole of the carbonio acid in the atmos- 
phere would Sittstaia such a vegetation over the entire globe for 14 years 
only. And if we even suppose such a vegetation to extend over one 
buodredih part of the earth's surface only, it still appears sufficient to 
exliaust thecar^nic acid of the air in 1400 years. 

* BoossiRgaultstatas, that of all the plants dsiiaUT cultivated for food-so far us hia experi- 
ments have ffone— the Jerasalem artichoke draws the largest portion of its sastenance from 
Uje air— or yielda the greatett tteight of food from the amaUeat veigkt of mamtre. It Is tree 
genenllv indeed that all those plants, which, like the Jerusalem artichoke and the white 
carrot, grow fi-eehr on sa|icbr«)il8 containing little vegetahle maUer and with the addition 
of little manure, extract the greatest proportion of their sustenance from the air. Such 
idants, therefore, are likely te prt>ve the most profttable articles of culture where suob soils 
^d a 8C»rci^ of m«<ture simultaneously prevarL 

t The mean of 235 eiFperiments made by De Saussure between 1827 and 1829 gave as 
above stated aboat 4-10000 or l-2600lh part for the mean bulk of the carbonic acid in the air, 
which is neartv 6-lOOOths of its whole weight. Among these observations the maximum 
v^aa 6-8 teo-thoumadthB, the minimum 3*15. If we take the maximum butk at6-10000ih8 
oftbe air— the maximum tegight of the carbonic acid is neariy 9-lOOOOihs of Uiat of the at- 
iftosphere. In eiementary wOilu It is generally stated in round numbers at l-lOOOth of the 
weight of the air, but if the best experimeatal results we possess are to be any guide to nst 
this is 1^ least one-third too high. . ^ " ,^^ ,^ . . 

It is also of consequence to remark, that this estimate ofihe whole weight of the eai^nic 
acid in the air i« founded on the supposition that, in the highest regions of thejalmosphere, 
the carbonic acid Is present in a proportion nearly equal to that in which it is fenna Imma* 
diately above the earth's surfacer-whlcb is by no means established. 

X l$-{63 lbs.— «a «cxe being 4840 square yards, eontaining each 1286 square teches* 
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A very short period, compared even with the limits of authentic his- 
tory, has yet elapsed since experiments began lu be made on the true 
constitution of the atmosphere; we have no very trustworthy data, 
therefore, on which to found a confident opinion in regard to the perma- 
nedce of the proportion of carbonic acid which it now contains. The 
later observations of De Saussure do give a considerably lower estimate 
of the quantity of this acid in the air than that which was deduced from 
the results of the earlier experimenters; but the imperfectioii of the 
modes of analysis formerly adopted was too great, to justify us in rea- 
soning rigorously from the inferences to which they led. We cannot 
safely conclude from them that the proportion of carbon in the atmos- 
phefe has really diminished to any sensible extent during this limited 
period ; while the recorded identity of all the phenomena of vegetatioa 
renders it probable that the proportion has not sensibly diminished even 
within historic times. ■ 

From what sources, then, is the supply of carbonic acid in the atmos- 
phere kept up? — and if the proportion be permanent, by what compn- 
sating processes is the quantity which is restored to the atmospnere 
produced and regulated ? ^ 

§ 3. How the supply of carbonic add in the atmosphere is renewed 

and regulated. 
On comparing, in a previous lecture, the quantity of rain which falfe 
with that of the watery vapour actually present in the air, w6 saw rea=- 
son to believe that even in a single year the same portion of water may 
fall in rain or dew and ascend again in watery vapour several succes- 
sive times. Is it so also with the carbon in the air f Does that which 
feeds the growing plant to-day, again mount up in the form of carbonic 
acid at some future time, ready to minister to the sustenance of new 
races, and to run again the same round of ever- varying change ? Soch 
18, indeed, the general history of the agency of the carbonic acid of the 
atmosphere ; but when once it has been fixed in the plant it must pass 
through many successive changes before it is again set free. The con- 
ditions, also, under which it is restored to the atmosphere are so diver- 
sified, and the agencies by which, in each case, it is liberated, are so 
very distinct, as to require that the several modes by which the carbon 
of plants is reconverted into carbonic acid and returned to the air, should 
be made topics of separate consideration. 

1.— ON THE PRODUCTION OP CARBONIC ACID BY RESPIRATION. 

The air we breathe when it is drawn into the lungs, contains ^TAnjth 
of its bulk of carbonic acid ; when it returns again from the lun^, the 
bulk of this gas amounts, on an average,*' to ^th of the whole; or its 
quantity is increased one hundred times. 

The actual bulk of the carbonic acid emitted from the lungs of a sin- 
gle individual in 24 hours varies exceedingly ; it has been estimated- 
however, on an average, to contain upwards of five ounces of carbon.'f 

•It varieiiin different individuals from 2 to 8 per cent, of the expired air. In anUnaU it 
lories aiBO with the speries. The air from the lungs of a cat contaiS ftSm » to 7 peScnl^ 
of a dos from 4 J to 6f, of a rabbit from 4 to 6. and of a pigeon from 3 to 4 Mr mKl of IhU 
whole bulk.-Duiong, AtmoL de f^him. el He Phys., third S^'l^. 455 ^^ ^°'' °^ "** 

t Davy, and Allen, and Pepye, estimated the welyhf of carbon evolved in a day atnpWaniB 
of 11 ounces, a quantity which all writeiB l^ave concurred in receivii« with sSbpiSoo?^^ 
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A ftiU grown tBfto, thereibre, ^ves off from his luDgs, in the couxw of a 
year, upwards of 100 lbs. of carbon ia the fonn of carbonic acid. 

Iflbe quaodty ofoafbon tbu9 evolved from the lungs be in proportion 
to the weight of the animal, a cow or a horse ought to give oa six times 
as much as a man.* From indirect experiments, however, Boussin-' 
gault estimated the quantity of carbon actually lost in this w»y by a cow 
at 2200 grammes in 24 hours, and bya horse at 2400 grammes. — [Ann. 
de Chim, et 4e Phffs.^ Ixxi., pp. 127 and 136.] These quantities are equal 
to 6 or 7 times the amount of carbon given oS^fram the lungs of a man. 

If we suppose each inhabitant of Oreat Britain, young and old, to ex- 
pire only 80 lbs. of carbon in a year, the twenty millions would emit 
seven hundred thousand tons ; and, allowing the cattle, sheep, and all 
other animals, to give off twice as much more, the whole weight of 
carbon returned to the air by respiration in this, bland would be about 
two millions of tons, or the quantity abstracted from the atnvispbere by 
lour millions of acres of cultivated land. 

Whence is all this carbon derived ? It is a portion of that which has 
beenr conveyed into the stomach in the form of food. Suppose the car- 
bon Cfxitained in the daUy food of a full grown man to amount to ooe 
pcuod-^whieh is a large allowance— thru it appears that, by the ordi- 
narv processes of respiraticm, at least one'-third of the carbon of his food 
is dcnly returned into the air, *** 

In cither animals the proportion returned may be difierent from what 
it is in man, yet .the life -of all depends on the emisnon to a certain ex« 
tent of the same gas.f And since ail are sustained by the produce of 
the soil, it is obvious that the process of animal respiration is one of 
those methods by which it has been provided that a large portion of the 
vegetable productions of the globe should be almost immediately re- 
solved into the simpler forms of matter from which it was originally 
compounded, and again sent up into the air to minister to the wants of 
new races. 

11.— >ON THE PaODUCTIOn OF CARBONIC ACID BT COMBUSTION. 

Another important source of carbonic acid is familiar to us in the re^ 
suits of artificial combustion. 

In the previous lecture I have shown how, by the action of the sun's 
nys upon the leaf, the carbonic acid absorbed irdm the atmosphere is 
deprived of its oxygen, and its carbon afterwards united to the eleipents 
of water for the pn^uction of woody fibre. During the process of com' 
basdoQ, this labour of the living leaf is undone— the carbon is made to 
combine anew with the dxygen of the atmosphere, and the vegetable 
matter \b resolved again into carbonic acid and water. 

Thus, when wockI (woody fibre) is burned in the air, oxygen disap- 
pears, and carbonic acid and watery vapour are alone produced. The 
theory of this change is simple. 

* EfltimatiQg Uie ordinal^ weight of a man at 150, and of a qow at 800 to 9G0 Ibis.^See 
Bpreogel, Lwn vom DOngery p. 706. 

* Ttiat the proportion must be I^m In the laner animala is certain, since the daily food of 
a «ow wofS be stated geoerally as eqaivalent to 26 lbs. of haj, containing upwards of 10 lbs< of . 
carbon. If ono-tliird of this were given off from the lungs, the quantity of carbon i^ lbs.) 
evolved would be ten times greater than was indicated br the experiments of BoussftigaoU, 
and nearly doable of what the weight of a cow, con^Mred with tnatof a man, requires. 
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It wDl be recoliecCed (p. 135) that id fonniog an equivalent of woody 
fibre or of sugar, 24 of oxygen were given off, chiefly by the leaf— so in 
again resolving these substances into carbonic acid and water, 24 of oxy- 
gen are absorbed. ThUfr— 

1 of Woody Fibre = C 1 3 Hj O, 
24ofOxTeEN . s= Oa4 

12 of 8 of 

Carbonio Add. Water. 

Sum . . . = C, Hg O3, = 12COa + 8HO. 

Or, 1 of Cane Suc^ar =C,a H,o Ojo 
24ofOxTG£N , . = Oa4 

12 of 10 of 

Cartwnic Acid. Water. 

Sum. . . =C,, Hia034 =12CO3 4-10HO. 

The same law holds in regard to all other vegetable substances. They 
are resolved into carbonic acid and water,, in proportions which neces- 
sarily vary with the chemical constitution of each. 

It applies also to all bodies of vegetable arif^iny amoog which nearly 
all combustible minerals may be reckoned. The peat and coal we bum 
in our houses and manufactories, when supplied with a sufficiency of 
atmospheric air, are resolved during combustion into carbonic acid and 
watery vapour. 

Some vegetable substances contain a small quantity of nitrogen. 
When these are bunded, this nitrogen escapes into the atmosphere,— 
generally in an uncombined state,— -and mingles with the air. So in 
animal substances, nearly all of which contain nitrogen as an essential 
constituent. During perfect combustion the whole of the carbon is dis- 
sipated in the form of carbonic acid, while the nitrogen rises along with 
it in an elementary state. 

The result of this uniform subjection of all combustible matter to tlie 
operation of this one law, is the constant production on the surface of 
the globe of a vast quantity of carbonic acid ;— th*e re-conversion of large 
masses of organic matter into the more elementary compounds from 
which it was originally formed. 

How interesting it ij9 to contemplate the relations, at once wise and 
beautiful, by which through the operation of such laws, dead organic 
matter, intelligent man, and living plants, are all bound together ! The 
dead tree and the fossile coal lie almost useless things in reference to 
ai^imal and vegetable life,— man employs them in ii thousand ways as 
ministers to his wants, bis comforts, or his dominion over nature-— and 
in so doing, himself directly though unconsciously ministers to the wants 
of those vegetable races, which seem but to live and grow for his use and 
sustenance. 

It is impossible to say what proportion of the carbon absorbed during 
the general vegetation of the globe, is thus annually restored to the at- 
mosphere by the burning of vegetable matter. That it must be very j 
great, will appear from the single fact, that by far the greater part of the i 
globe is. dependent fur its supply of fuel on the annual produce of its I 
forests;— while even in those more favoured countries where mineral 
coal abounds, the quantity of wood consumed by burning falls but little | 
short of the entire yearly growth of the land. 
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Id connection with this sabject, I must draw your attention to one in- 
teresting, as well as important, fact. I have spoken of coal as a sub- 
stance of vegetable origin, and there is no doubt that all the carbon it 
contains once floated in the air in the form of carbonic acid. But the 
period when it was so mixed with the atmosphere is remote almost be- 
yond conception. When, therefore, we raise coal from its ancient bed 
and burn it on the eanh's surface, ipe add to the carbon of the air a poT' 
Hon iMch has not previomly existed in the atniosj^tere of our time. 

The coal consumed in Great Britain alone is estimated at 20 millions 
of tons, containing on an average at least 70 per cent., or 14 millions of 
tons of carbon. But if the annual produce of an acre of cultivated land, 
contain half a ton (p. 147) of carbon derived from the air, the coal con- 
sumed in this couutry would supply carbonic acid to the crops srown 
upon 28 millions of acres. Or, since in Great Britain about 34 millions 
of acres are in cultivation (p. 12), the coal weanntudly consume produces 
a quantity of carbonic acid whidi is alone sufficient to supply food to the 
crops that grow upon secen-eighths of the arqbU land of this country. 

IH.— PRODUCTIOIT OF CARBONIC ACID BT THE NATURAL DECAT OF VEGE- 
TABLE MATTER. LAW OF THIS DECAT. 

Over large tracts of coiintry in every part of the globe, the vegetable 

})roductions of the soil are never cropped or gathered, but either accumu*- 
ate-7-as occasionally in our peat bogs; or decay and gradually disappear 
—as in the jungles of India or in the tropical forests of Africa and &>uth- 
em America. 

The final results of this decay are the same as those which attend 
upon ordinary combustion, but the conditions under which it takes place 
being different, Hhe immediate results are to a certain extent difierent 
also. 

When ft vegetable substance is burned in thp air, the oxygen of the at- 
mosphere is the only material agent in effecting the decomposition. 
The carbon of the burning body unites directly with this oxygen and 
forms carbonic acid. 

In the natural process of decay, however, at the ordinal^ temperature 
of the atmosphere, vegetable matter is exposed to the action of both air 
and water ; these both co-operate in inducing and carrying on the decom- 
position, and hence carbonic acid is not, as in the case of combustion, the 
chief or immediate result. 

A detail of all the steps through which vegetable matter is known to 
pass before it is finally resolved into carbonic acid and water, would be 
difficult for you to understand, and is here unnecessary. A general 
view of the way in which by the united agency of air and water, the 
decay of organic substances is efiected and promoted, may be made 
very intelligible, and will sufficiently illustrate the subject for our pre- 
sent purpose. 

In combustion, as we have seen, the whole of the vegetable substance 
is resolved directly into carbonic acid and water, at the expense of the 
oxygen of the atmosphere. In natural decay a small and variable por- 
tion only-^ is so changed, but to the extent to which this change does take 
pl^e carbonic acid is directly formed and sent up into the air. Suppose 
such a change—a slow combustion in reality— 4o take place to a certain 
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extent, and let as consider wbat becomes of the remainder of the ve|;eta- 
ble matter, 
l**. If we add 

6 of Carbonic Acid . . = Ce O13 

to 6 of Light Carburettxd ? . n tt 
Htdroo^ (CH,) J-^« **»» 



we have the sum • . == Cu Hj, Ota; or, one of 
giape sugar;— that is, ooe of grape sugar may be formed out of the ele- 
menrs of 6 of carbonic acid, and 6 of light carburetted hydrogen. Or, 
conversely, grape sugar being already produced, it may be resolved or 
decomposed into these two compounds in the same proportionsi without 
the aid of the oxygen of the atmosphere. 
2«>. So if to 

1 of WooDT Fibre = Ci, Hs O, 
we add 4 of Water , . = H4 O4 

Carbonic Light Car^- 

Acid, retted Hydrogen, 
we have, as before, C,, Hj, Oi, = 6C0,-|- 6 CH,; 
Or by the aid of the elements of 4 atoms of water, woody fibre may be 
resolved into 6 of carbonic acid and as many of lignt carburetted 
hydrogen. 

3^. Again, in the case of a vegetable acid, if to 

1 of Tartaric Acid = C4 Ha O, • 
we add 1 of Oxygen . . =j= O, 

T- CartKHnlc Light Carbn- 

Acid. retted Hydrqgeo. 

we have C4 Ha O^ = 3 CO, -h CH, ; 
That is, by the aid of one of oxygen from the air, one of tartaric acid 
may be resolved into 3 of carbonic acid, and 1 of light carburetted 
liydrogen. It is ea^ to see how any other of the more common vegeta- 
ble productions may-— either at the expense of its own elements, as in 
grape sugar— or by the aid of tbose of water, as in woody fibre— or of 
the oxygen of the atmosphere, as in tartaric acid— be resolved into car- 
bonic acid and light carburetted hydrogen, in certain proportions. 

Now, such a resolution does really take place to a considerable extent 
in nature, during the decay of organic substances in moist situations. 
Hence the evolution of light carburetted bydrofien from dead vegetable 
matter in marshy places and stagnant pools— hence the prodnctioD of 
the same gas in compost heaps, and especially in rich and heated farm- 
yard manure—and hence also its occurrence in such vast quantities in 
many of our coal mines. 

You will now be able to appreciate one of the reasons why this light 
carburetted hydrogen has been supposed by some physiologists (p. 50) 
to contribute as fbod to the ordinary nourishment of plants. It is pro- 
duced in nature in many and varied situations, and it has been found 
by experiment to exercise a viable influence upon the growth of plants ; 
—being so produced where young plants grow, is it never imbibed by 
them ?— being possessed of this influence, is it entrusted with no control 
over the general vegetation of the globe ? 

However this may be, by far the greatest portion of both these gases 
escapes into the air ^— the carbonic acid to fulfil those purposes which 



IITTO GARBeiriC ACI» AND WATER. 153 

have already been oonsidei«(],'-che li^t carburetted hydrogen to under- 
go a forther change, by whieh it also is resolved into carbonic acid and 
water. Thus, if to 
1 of LieHT Carburetted Htdroocn = CH2 we add . 

'4 of OXTOEN = O4 

Caitonlc Add. Water. 

We have CH, O, or COa + 2 HO 
Or one of this gas with 4 of pxygen may be changed into 1 of carbonic 
acid and 2 of water. 

Now, when this gas escapes into the air it becomes diffused through a 
large excess of oxygen, and is thus ready, at any instant, to be decom« 
posed. Through the atmosphere streams of electricity are continually 
flowin|^, and every wandering spark that passes athwart a portion of 
this mixture decomposes so much of the light gas, and produces in its 
stead the equivalent proportions of carbonic acid and watery vapour. 
Thus it happens that of the vast quantity of this and othe* combustible 
gases which are continually escaping into the air, so few traces are dis- 
cernible even by the aid of the most refined processes of art. By a wise 
provision of nature such substances as are void of use to either animals 
oc plants, if not speedily removed from the air altogether, are there con- 
verted into such new forms of matter as are fitted to minister to the ne- 
cessities of living beings. 

Though therefore in the natural decay of vegetable matter in the pre- 
sence of air and moisture, a certain portion of its carbon escapes into the 
air in the form of light carburetted hydrogen, this compound is but a 
step towards the final change into carbonic acid and water. In the s()il 
the vegetable matter is continually undergoing decay, various sub- 
stances are produced in greater or less quantity, some solid, some liquid, 
and some fl;aseous like the light gas of which we have been speakinp, — 
but all of them, like this gas, are only hastening— some by one road, so 
to speak, and some by another— towards that final destmation ^4)ich 
sooner or later they are all fated to reach ; when in the form of carbonic 
acid and water they shall be in a condition to minister again to the nour- 
ishnd^ent of all plants. 

While in the soil some part of this vegetable matter assumes forms 
which are capable of entering again into the roots of living plants, and, 
without further resolution in the air, of being converted by the living 
plant into portions of its own substance. The nature and composition 
of these ^rms of matter, so far as thev are known, will be considered in 
a sobseouent lecture. — [See Part Ii., Lectures XI.-XIII., *^ On the 
eansHtuhon qfsoiU.**! 

It is upon the /1MZ6 result of this natural decay to which all vegetable 
matter is subject, that the carbonic acid of the atmosphere depends tor 
its largest supplies. The rapidity with which organized bodies perish, 
and become resolved into gaseous compounds, depends partly upon the 
climate and partly on the nature of the substances themselves,— but all 
hurry forward to the same end, and it is with difficulty that we are able 
^r a time to arrest or even to retard their steps. It is by this perpetual 
and ^KStive obedience of all dead matter to one fixed law that the exist- 
ing condition of things is maintained ;— and thus it happens that eitlier 
by the respiration of the animals which live upon it, by the process of 
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comhustioD, or by that of tpontaneous. decay, the entire crop of vegeta- 
ble produce is apparently, year by year-— taking the average of a series 
of years— resolved into the forms of matter from which it was originally 
built up ;'-*and the substances on which plants feed at length restored lo 
the air in the precise proportion in which they have" been taken from it. 

VI. — NATURAL EVOLUTION OF CARBONIC ACID IN VOLCANIC COUNTRIES. 

The above apparent conclnsioo would be absohitely true, were there 
no causes in operation by which the restoration to the air of a- portion of 
the carbon of animal and vegetable substances is prevented— -and do 
other sources, independent of existing organic matter, from which <ttr- 
bonic acid may be supplied to the air. 

If the whole of the carbon be not returned to the air, the carbonic acid 
of the atmosphere may be undergoing dimiqution ; while— if a large 
supply be constantly poured into the air from sources iddependent of 
vegetable matter, the proportion of carbonic acid may be continually on 
the increase. 

We have seen that the combustion of fossil coal adds to the air a 
large quantity of carbonic acid which has never before existed in the at- 
mosphere of our time. In many volcanic districts also, carbonic aoid is 
observed to issue in large quantity from cracks and fissures in the eanh ; 
-—accompanied sometimes by water, forming mineral springs, from 
which the copious emisson of gas is readily perceived ; more frequently, 
perhaps, rising up alone, and thus escaping general observation. 

It must obviously be exceedingly difficult to estimate the^quantity of 
gas which rises into the air in such circumstances over an extensive 
tract of country, fractured and broken up by volcanic agency— where 
the outlets are numerous, and the rate at which the gas escapes very 
variable. That in many localities it most be very great, however, 
there can be no question. In the ancient volcanic distnct of the Eifel, 
comprising an area of many square miles around the Laacher See, on 
the left bank of the Rhine, the annual evolution of carbonic acid from 
springs and fissures has been estimated by Bischof at not less than 
100,000 tons, containing 27,000 tons of carbon. In many other districts, 
especially where active volcanoes exist, the volume of gas given olT 
may be quite as great, though no attempts have hitherto been made to 
estimate its real amount. 

Yet though absolutely lar^e, the quantity of carbonic acid disengaged 
in this way from the earth, is really small when compared cither with 
the entire quantity supposed to be present in the atmosphere, or with 
that which is required for the growth of the yearly vegetation of the 
globe. Suppose that from a thousand spots on the earth's surface a 
quantity of carbonic acid equal to the above estimate of Bischof eecapes 
constantly into the air, the weight of carbon {27 millions of tons) thus 
diffused through the atmosphere would be only equal to that which is 
yeaiW drawn from the air by 54 millions of acres of land under cultiva- 
tion (p. 147), and only twice as much as that contained in the coal 
which is annually consumed in Great Britain alone. 

Still if the whole of the carbon contained in the produce of the general 
vegetation of the globe be ultimately restored to the air,— either by the 
respiration of animals, by the natural and slow decay of vegetable mat-. 
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ter, or by the more rapid process of combustioo,— the constHDt additioD 
of carbonic acid derived from yolcaqoes, and from the combustion oC fos- 
sil coal, should gradually, though slowly, augment the proportion of this 
gas in the air we breathe ; — unless it be perpetually undergoing a per- 
manent diminution, to at least an equal extent, from the operation of 
other causes. . In reference to this j)oint there are three circumstances 
which are proper to be considered :— 

1'^. It has been observed that, as we recede from the land and ap- 
proach the centre of great lakes, or sail into the open sea, the quantity 
of carbonic acid in the air gradually diminishes. It is therefore inferred 
tbfit theseais constantly, and to a sensible extent, absorbing carbonic 
acid from the atmos|)liere, without afterwards restoring it, so far as is 
yet known, by any compensating process. ' 

2®!. The-^ waters which flow into the sea or great lakes constantly 
bear down with them -portions of animal and vegetable matter. These 
fall along witli the mud which the waters hold in suspension, and are 
permanently imbedded in the deposits of clay, silt, and sand, which are 
continually id the course of ftirmation. 

3*^. In many parts of the world, especially in the latitudes north and 
south of 45^, vegetable matter accumulates in the form of peat, becomes 
buried beneath clay and sand, and thus is prevented from undergoing 
the ordinary process of natural decay. 

It is impossible to^ay how much carbon is permanently withdrawn 
fmm the atmosphere by these several agencies. There is reason to be- 
lieve that it is quite as great as the quantity added to the air by the 
combustion of coal, and by the evolution of carbonic acid in volcanic 
districts. Indeed, the supply from these two sources appears to return 
only 8 small portion of that carbonic acid which is abstracted from the 
air by the agencies just stated, and which have been in operation during 
every geological epoch. 



Obfic2iMto9»9.— -The general conclusions, therefore, which we seem jus- 
tified in drawit^ in .regard to the supply of carbonic acid to the atmos- 
phere are as follow :— 

1^. That a large portioi) of the carbonic acid absorbed by plants is 
immediately and directly restored to the air by the respiration of the 
animals ^^hich feed upon vegetable productions. 

2°. That a still larger portion is more slowly returned by the gradual 
re-conversion 6f vegetable substances into carbonic acid and ^ater dur- 
ing thejrocess of natural decay. 

3^. That nearhj all the remainder is given back in the results of or- 
dinary combustion. 

4°.' That a further portion, Which has not previously existed in the 
atmosphere of oqr time, is conveyed to it by the burning df fossil fuel, 
and by the emission of carbonic acid from cracks and fissures in the 
strrface of the earth ; yet that the quantity thus added cannot be sup- 
posed to exceed that which is constailtly and permanently separated 
from the atm.osphere by other causes. 

The balance of all the evidence we possess is probably in favour of 
the opinion that the carbonic acid in the atmosphere is slowly diminish- 
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ing; we hflTe, however, no satisfectory evidesee either fioiii theory m 
experimeot that it has aodergone any sensible diminution in onr time.* 

^4, Of the supply of ammonia to plants. 

In a preivioas lecture it has been shown that in our coUiyaxed fields 
planu derive a portion of their nitrogen from the manure which is added 
to the soil. But the quantity of this element present in the manure, 
•upposing it all taken up and appropriated by the plant, is seldom e(|ual 
to that contained in the series of crops which this manure assists in raising. 

Thus, in the experiments of Boussingault already described (p. 144), 
the manure added previous to the first, or four years* course, contained 

157 pans of nitrogen, while the crops contained 251 parts,— or neatly 
two-thirds more than could be derived from the'artificud manure. 

Whence is this excess of nitrogen derived, and in what form does it 
enter into the plant? Liebig rephes to these questions^ that the whole 
of the nitrogen absorbed by plants enters in the state of ammonia, and 
that the excess above what is present in the manure is drawn either 
from the soil or from the air. This opinion, advanced by so high aa 
authority* demands our attentive consideration. 

Ammonia has been detected in many clays, and traces of it may be 
discovered in nK>8i, soils* but it is not known to be a natural or essential 
constituent of any of the solid rocks of which the crust of the globe b 
composed^ These clays and soils, therefore, may be supposed to have 
derived their ammonia from the atmosphere ; and Liebig ascribes the 
fertilizing action of the air upon stiff clays when fallowed, ^ burned clay 
when applied a» a top-dressing, and of gypsum on grasslands [see note 
to page 531, to the larger quantity of ammonia which the surface of the 
soil is by these means caused to absorb and retain. 

There is no question that ammonia is present in the atmosphere in 
small and variable quantity (p. 37). Whence is this ammonia derived, 
and is its quantity sufficient to supply the demands of the entire vegeta- 
tion of the globe ? 

When animal substances undergo decay, nearly ail the nitiogsn they 
contain is ultimately separated from the other consUtuems in the form oft 
ammonia. During the decay of plants also, a portion of their nitrogen 
escapes in the state of ammonia. Of the ammonia thus formed, niuch 
ascends into the air, chiefly in combination with ourbonic acid aaearboiiaie 
of ammonia (smelling salts), and much remains in the soil. Werii the 
whole of the nitrogen contained in plants and animals to assunae the 
form of ammonia when thev decay, and to remain in the soil or ia the 
air, it would always be within the reach either of the roots or leaves of 
the living races; and thus the same ammonia [or ammonia containing 
the same nitrogen— supposine the hydrogen to have been changed] 
might again and again return mtotlie cireulation of new vegetable tribes, 
and be always alone sufficient to supply all the demands of j^e exist- 
ing vegetation of the globe. ^ . 

But of the ammonia thus formed, a portion is daily wash^ fn|ii the 
soil by the rains and carried to the sea, and much more probably is 

* In anotiier work iCkemieal Geolotyy now prepartng for publication, I hnTe diseaMed 
this 9ueition In eoDDoedon wiUt pmmy Gwkloglcal eoatidentionfl and wttbrnt rBibrenne l» 
our time; bat it would be out of place to iatroduee bare any train of raasoning wbich Is not 
calculated to throw light on the phenomena of the existing f egetation of the globe. 
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washed from tae air by the waters of the sea itaelf, or by the rains which 
fall directly into the wide oceans ; and we know of no compensating 
process by which this ammonia can be restored to the air, and again 
made useful to vegetation. 

Besides, of that which still remains in tbe air much must undergo 
decomposition by natural processes. In treating in a preceding section 
of the evolution of light carburetted hydrogen during the slow decay of 
vegetable matter (p. 153), I have shown how, In consequence of its ad- 
mixture with the oxygen of the atmosphere, this gas is finely decom- 
posed, while carbonic acid and water are produced. Ammonia in like 
manner will bum in oxygen gas, and when mixed with atmospheric air 
may be decomposed by the electric spark— water at the same time being 
•fi>rmed and nitrogen, set free. Thus, 

if with 1 of A.MM0NIA = NH3 

we mix 3ofOxTGEN =03 

■ 3 of mter. 1 of nitrogen. 
w« have the sum NH3 O3 = 3 HO -f N 

or, when difiused thnnigh the air, 1 of ammonia, with tho aid of 3 of 
oxygen, will yield 3 of watery vapour, while the nitrogen may* mingle 
with ihe idr in an elementary form. Can we doabt that ammonia 
is thms decomposed in the air 1 Not to speak of other forma assumed 
by the electricity of the atmosphere, can the thunder-storms of the tropi- 
cal regions pass unheeded the ammoniacal vapours they must meet 
with in their course 1 

I conclude, then, that of the ammonia which is formed from the nitro- 
gen actually existing in animal and vegetable substances during their 
decay^ only a compwraiivdy small portion ever reinms again to mmister 
to the wants of new races, t 

But if plants obtain all their nitrogen from ammonia,t how is this 
waste repaired->-wfaence are new supplies constantly derived ? 

We have seen that, in certain volcanic countries, carbonie acid is 
evolved in vast quantities firom rente and fissures in the earth/- In some 
of these distziets—and this has been observed more especially in Italy 
and Sicily, and it is said also to some extent In China— «mmonia is 
likewise given ofif, in comlnnation generally with- some acid, imd most 
frequemly with the muriatic acid in tbe form of salrammoniae (muriate 
<^ ammonia). ^* This ammonia^*^ Liebig is correct in saying, ^ha$ mot 
been produced by the animal organism ;** but he assumes a very doubt- 
ful position when he adds, ** it existed before the creation of htiman be- 
ings ; it is a parU a primary constituent^ of the globe itself.^* — [Organic 
OhemistTy applied to Agriculture, p. 112. J 

Where, we might ask, has this ammonia existed during all past time 
—from what deep caverns of the earth does it now escape ? 

* I say nUM, bocauBe it may at the aamo time combine with oigrf en and form aitiic acid. 
— See the following sectioD, p. 2S9. ^ 

* I might add, that of the ammonia which doea return, and i« acain absorbed, a portion is 
•ubseqnentiy decomposed in the interior of living plants, as is shown by tbe svolinon of 
nitrogen from the oonunon leaves of ttome and the flower leaves of others. 

Z " Wild planU obtain more nitrogen from the atmosphere^ in theformofmnmofni^Ouat they 
vmamnfor ikeir growth, fob the water which evapocales through their leaves and blossoms 
•xnits, After a time, a putrki smeU— a pecuUarity possessed only by such bodies as contain 
»ttisigen.*'-^Uebig, Qrgamc Chemialry appUedto Agriculture, p. 8B.J Does the fiwt here 
atated, Justify tbe conclusion whlcli appears to be drawn from It 9 
14 
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This opinion of Liebis, as well as the paramount influence he as- 
cribes to ammonia over the vegetation of the globe, are based chiefly on 
the fact that we know of no means by which ammonia can be formed 
by the direct union of the hydrogen and nitrogen of which it consists. 

But the production of ammoniai by the indirect onion of these ele- 
ments, is daily going on in nature, and can even be eflected by difler- 
ent processes of art. Thus — 

1°. When organic substances, which contain no nitrogen, are oxidized 
in the air, ammonia is not unfrequently formed (Berzelius). Uence 
it must be produced in unknown quantity during the annual decay 9f 
all vegetable substances. 

2**. When organic substances are oxidized in the presence of air and 
water— as when moist iron filings are exposed to the air (Chevallier), 
or when certain oxidized substances are decpmposed in the air by 
means of potassium (Faraday), or when metals, such as tin filings, are 
rapidly oxidized by means oi nitric acid, ammonia is also produced in 
variable quantity. Hence the absorption of oxygen, even by the inor- 
l^anic substances of the soil, may give rise to the formation of ammonia. 
But, 

3°. The fact which most clearly illustrates the production of anri- 
moniain nature, both on the surface of the earth, in the soil, and far in 
the interior near the seat of volcanic fires, is this, that if a currant of 
moist air be made to pass over red-hot charcoal^ carbonic acid and am- 
monia are simultaneously formed.* This is in reality only a repetition 
in another form of what takes place, as above stated, when vegetable 
matter decays, or iron filings rust in moist air. The carbon and the iron 
decompose the watery vapour in the air, and combine with its oxygen, 
while, at the instantf of its liberation, the hydrogen of the water com- 
bines with the nitrogen of the a^, and forms ammonia. 

The source of the ammonia evolved in volcanic districts, tlierefore, is 
no longer obscure. The existence of combustible matter in such dis- 
tricts, and at great. depths beneath the surface, can in few cases be 
doubted, and the passage of a mixed atmosphere of common air and 
steam over such combustible matter, at a high temperature, appears to 
be alone necessary to the production of ammonia. It is uimecessarv, 
then, to have recourse to doubtful "speculations in order to account tat 
the natural reproduction of amnionia, to ^ certain extent, in the place 

* This experiment is easily performed bjr draaing a carrent of mixed atmospheric air 
and steam through a red-hot gun- barrel filled with well-bamed charcoal, and causing the 
current, on leaWdg the barrel, to pass through water acidulated with muriatic acid. Alter 
a time, the water, on evaporation, will be found to contain traces of sal-ammoniac. What 
thus takes place in a small experiment of this Und must more readily and more largely 
lake place in the interior of the earth, where combustible substances at a big^i temperature 
happen to be exposed to a current 4>f atmospheric air, mixed with watery vapour. 

t A beautiful illnstnition of the tendency which elementary substances have to unite with 
each other at the ineicmt of their liberation in what chemists call their ntucent state, i« men- 
tioned by Runge.— 17in^'<u«i^ in die teehniache Chemie. p. 373. 

If 1 part of hydrate of potash and 20 of iron filings be heated together, hydrogen onfy it 
given t^. 

If 1 of nitrate of potash and 20 of iron filings be heated toeether, nitrogen only ia givm df. ' 

But if 40 of iron fiUngs be mixed with 1 of hydratis andl of nitrate of potash, and Uien 
heated, iimmonta beeomea perceptible, 

l*he nitrogen and hydrogen being given olT together, at the same instant, some portions 
of each find themselves in a condition to unite, and thus ammonia is produced. The same 
result must follow in many natural operaUons, when hydrogen and nitrogen are set ffe 
from a previous state of combination, at the same time, and hi the presence of one apother. 
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«r? mifwV «^?*'* ''""'"'V' »f "'nraoni* reproduced by these indi- 
^SSe^SLllS^^^^Sif^'^"''*^ The.<,„e«ioreS 

§5, Ofthe supply ofniiric acid to plants. 
In regard to the action ofnitric acid upon vegetation it is known— 
1 . liiat when, m the form of nitrates of soda, , potash, &c.. it is 
spread upon the soil, it greatly promotes the growth and luxuriance of 
™ crop and mcreases its produce ; and 

^ 2«>. That, when other circnmstancs are favourable to vefietation-^as 
in certarn districte in India~ihe presence of an appreciable quantity of 
these nitrates adds largely to the fertility of the soil.* ^ 

The same effects are unquestionably produced by the addition of am- 
moma or by Its natural presence in the soil. The beneficial influence 
of t>Oth compounds, then, bemg recognized, the relative extent to which 
each operates upon the general vegetation of the globe will be main- 
ly determmed by the circumstances and the quantity in which they res- 
pectively exist or are reproduced. » ^ J 'f* 

In regard to the existence of nitric acid, it is not known to form a 
necedsary constituent of any of the solid rocks of which the crust of ihe 
globe 18 composed, but is diffused almost universally through the soil 
which overspreads Ihe surface. In the hotter regions of the earth, in 
iqdia, in Afnca, and in South America (p. 56), it in many places accu- 
mulates m sufficient quantity to form incrusrations of considerable thick- 
ness over very large areas, and in many more it can be separated by 
washing the soil. Even in the climates of Northern Europe, it is rare- 
ly absent from the water of artificial wells, into which the rains, after 
fi*^""! through the surface, are permitted to make their way.f 

On the whole, nitric acid and its compounds appear to exist, ready 
formed m nature, in larger quantity than either ammonia or any of its 
compounds. . . 

^f't^Li^J^ of Chapmh, Tirhoot, and Bhababad, near Patna, where a Ia»e proportloii 
SLSfwSJl'Si"^"*^'^"!!" **?«•* ^ produced, are coneWeredtlie moat feitifeCi lengaL 

£2!.r?nr^.?."S?Sf '?*K.***'??L«^*^«"'>' ^*»« culUvatethe beat land, aii) produce tbe 
«I!LS^?£f«uK'ili?l/**"*^*^*'?«*""f ^^^ fi*»»^« ^»»»^ ^»»«»' from wefla bo atrongly Im' 
HI!?S?**'?*'*^"**P*^.*"*^ ****»«*■ ■wteMtobequiiebrackiab, and they conalder onions, 
lunilpj, and poo, moat benefitted by thia irrlgaUon. Orein crops also grow moiS loxuilanS 
ly on lands y leklinx aaMpetre, where there l«*enough of rain wilhin a week or two after tSe 
lS?t4\rr.V^"il*/and7h^^ '''' 3weeksoramon,h,the 

*.-i'nif..?l'i « ' *^" "*^* generally manure their landa, as Ihe dung of the cattle is used for 
luel, but the (iuirees collect the ashes of cow dung aod of burned wood, and use it as a ma- 
*«»«f»»P «ome cases, chiefly for the poppy plant. 

'^The Hindoos have for ages been weU acquainted with the rotation of crops, and the ad- 
I?^^*!^/' "®**"* ^"**'« althouRh a great proportion of the land is almost constautW in 
nee, Indian com, or millet, during the rainy seaaon, and in wheat or peas during the dry 



t It occurs In the wells of the neighboarhood of Berlin (Mftacherllch), in the form of nl- 
F^^.*®' ^'^'^ Ume, and magnesia, in the wells around Stockholm, and may be expected 
In aU weUs that are dug cBenteliu*).— 7Va*lg dt Ckemit, iv., p. 71. 
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Of these nitrates* as tliey do of ammonia, the rivers must be continu- 
ally bearing a portion to the sea, but there are in nature unceasing pro- 
cesses of repioduction, by which not only this waste of the nitrates is 
repaired, but that further waste, also, which is caused by their absorp- 
tioQ into the roots and subsequent decomposition in the interior of plants. 
Let us shortly consider Ihese processes of reproduction. 

1^. When a succession of electric sparks is passed through commos 
air, nitric acid (NO5) is slowly but sensibly formed. The currents of 
electricity which in nature traverse the atmosphere must produce the 
same e^ct, and the passage of each flash of lightning through the air 
nHuSt be attended by the formation of some portion of this acid. 

After a thunder-storm plants appear wonderfully refreshed ; in thun- 
dery weather they grow most luxuriantly, and other things being equal, 
those seasons in which there is much thander are observed to be the 
most fruitful. Some have ascribed these results to the immediate agency 
of electricity on the growth of plants.— [Sprengel, Chende^ I., p. 99.] 
ft is not equally possible that they may be connected with this necessary 
production of nitric acid ? 

In the rain which fell during 17 thunder-storms, Liebig found nitric 
acid always present and generally in combination with lime and am- 
monia. In the rain which fell on 60 other occasions, he could detect it 
only twice. In minute quantity nitric acid is difficult to detect. .How 
much then must be form^ in a thunder-storm, even in our /climate, to 
make the presence of this acid always appreciable in the rain that falls 
^how vast a quantity in those warmer climates where such storms are 
80 frequent and so appalline ! 

2°. When a mixture of ammonia with oxygen gas is exploded by 
passing an electric spark through it, a quantity of nitric acid is foroied, 
even when the oxygeci is not sufficient to oxidize the whole of the am- 
monia* (Bischof). Hence, if in the air, as we have seen reason to be- 
lieve, the ammonia given oflT from decaying animal matters, and from 
other sources, be decomposed by the atmospheric electricity,— there will 
necessarily be formed at the same instant a portion of nitnc acid, at the 
expense of the nitrogen of the ammonia itself. This nitric acid will, as 
necessarily, combine with some of the ammonia which still remains in 
the air. Hence the existence and production of nitrate of ammoina in 
the atmosphere, and the consequent presence of this acid along with am- 
monia in raia water. 

Thus the very cause which in the preceding section was shown to 
operate in constantly diminishing the amount of ammonia in the air« 
and the operation of which certainly renders improbable tlie existence 
of this compound in the atmosphere in the large quantity supposed by 
some [see especially Liebig's Organic Chemistry applied to AgrictUture, 
p. 74], this same cause is at the same moment constantly reprodocing 
nitric acid. And, though much of what is thus produced must neces- 
earily, as in the case of ammonia, be carried down to the sea by the 
rains, or be directly absorbed by the waters of the ocean themselves, yet 

* It was shown sbove (p. 167). that 1 of ammonia < Nfla ) requfavs 3 of oxygen to decom- 
pose it, forming 3 of water, and setting the nitrogen free. But, In realitr, as Biscliof has 
slK>wn, the nitrogen is not whoUy set free, but a portion Itoth of its hydrogen and nttitMren 
combine with oxygen (are oxidized) at the same instant, formiog almttttaneoasly both water 
(HO), and niUric acid ( NOs ). 
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il i» obvious that in whatever proportloo we may suppose the ammonia 
of the air to reach the leaves and roots of plants, in no less proportion 
must the nitric acid, with which it is associated, be enabled to enter into 
the circulating system of the various tribes of living vegetables, that 
flourish on every quarter of the globe. 

3°* Again, we have seen that, during the decay of ^veeetable aubetan*? 
ces in moist air, ammonia is formed at the expense of the hydrogen o£ 
the water and of the nitrogen of the air. In consequence of; or in con- 
nection with, such decay, nitric acid is also largely produced in nature. 

The most familiar, as well as the most instructive examples of this 
formation of nitric acid is in the artificial nitre beds of France and the 
north of Europe. These are formed by mixing, earth of different kinds 
with stable manure or other animal and vegetable matters, and exposing 
the mixture to the air in long ridges or conical heaps, which are occa- 
sionally watered with liquid manure, and turned over, to expose fresh 
portions to the a|n After a time, perhaps once a year, the whole is 
washed, when the water which comes on ia found to contain a variable 
quantity of the nitrates of potash, soda, lime, and magnesiat which are 
employed for the manufacture of saltpetre. In these nitre bedsit has 
been. Q4>served that the production of nitric acid either does not take place 
at aU, or only with extreme slowness, unless animal and vegetable mat- 
ter be present in considerable proportion. And yet the quantity of nitric 
acid which is formed is much greater than could be produced by the 
oxidation of tlie whole of the nitrogen contained in the organic matters 
present in the mixture.* It is also obseryed that the nitre beds are mora 
productive when a portion from one outer face of the heap is lixiviated 
from time to time* and the washed earth added to the other side, than 
when the whole is lixiviated at once, and again formed into a heap and 
exposed to ttie air. 

it appe^s, therefore, that organic matters are in our climatei necessa- 
ry to cause the formation of nitric acid to commence, but that after it has 
begun it will proceed in the same heap for an indefinite period, and at 
the expense apparently of the nitrogen of the air only. 

Compost heaps are in general only artificial nitre beds, oflen unskil- 
fully prepared and badfy managed, producing, however, a certain quan- 
tity of nitrates, to the presence of which their e0ect on vegetation may 
not iinfrequently be ascribed. To this fact we shall hereafter recur. 

The soils in the plains of India, and in other similar spots in the trop^ 
ical regions, may be regarded as natwal nitre beda^ in which, the decay 
of organic matter being vastly more rapid than ii) our temperate regions, 
the production of nitric acid is rapid in proi>ortion.f 

4^. But in many localities in which the presence of organic matter is 

* iKimas, 7Vm'<g de Phemie^ IL, p. 726. He adds, that lOO lb6. ofiiitre contain Oie nitrogeii 
of 76 lbs. of ordinary animal Bxatter, supposed in a dry state, or of 300 or 40Q lbs. in its ordi. 
narr state of moisture,--* much greater relatlfe proportion of animal matter tlian to ever 
addied to the heap. 

t Wfe are as yet too little acquainted with the natural his^ry of th^ district of Ariea in 
South l.merica, in whloh, as already stated (p. 66), the nitrate of soda has been accumulated 
In sach large quantity, to be able to say to what tpecial cause the accumulation is due. 9qt 
B«. from Um description of Mr. Darwin, the locality ap|ieai:8 to have been the site of an an- 
cient lake, it l8 not unlikely that the nitrate may have been derived from the successive 
WBKhings of a soil similar to tt^at of India, by mins or periodioal floods, which for a long pe- 
riod emptied themselves into or fed the lake. 
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fiot to be recognized in sensible quantity, the production jof this acid is 
obserred to proceed with a constant and steady pace. Thus, from the 
walls of certain caves in Ceylon a layer is yearly pared qS\ which 
yields an abundant crop of saltpetre (Dr. John Uavy). The celebrated 
Mammoth cave in Kentucky, situated in a limestone ridge, jrields an 
inexhaastible supply of nitrate of lime. During the war with Great 
Britain, fifty men were constantly employed in lixiviating the earth of 
this cave, and in about three years the washed earth is said to become 
as strongly impregnated as at first. Through the cave a strong current 
of air is continually rushing— inwards in winter, and outwards during 
the summer months. On the plaster of old walls, especially in damp 
situations, an efflorescence of this and other nitrates is frequently ob- 
served over every part of Europe. In China, according to Davis, the 
old plaster of the houses is so much esteemed as a manure, that parties 
will often parchase it at the expense of a coating of new plaster. Old 
clay walls, and especially the walls of clay-built huts, are said to be 
very fertilizing to the land, when applied as a top-dressing, and in some 
parts of England, where the land is poor, the people are said to pile up 
the soil in the form of walls, in order to improve its quality. These lat- 
ter facts seem to indicate that both in China and England nitric acid is 
produced in similar circumstances, and that to its pr^uction the ferti- 
lizing action of the old plaster, and of the weatJiered day, is alike to be 
attributed. 

In the cultivated soil also, this acid is ft>rmed in ordinary circum- 
stances. Braconnot found nitrate of potash in the botanic garden at 
Nancy, in a portion of soil in which poppies {papaver sommfemm) bad 
grown luxuriantly for ten years in succession— in larger quantity in the 
soil surrounding the interlaced roots of an escUpias incarmUa^ growing 
in an ordinary flower-pot, with a hole in the bottom^-«s well as in moss 
earth, in which a plant of euphorbia hreoni bad been grown in a pot.— 
[Ann. de Ckim. et de Phya., Ixxii., p. 33 to 35.] There is little reason 
to doubt, indeed^ that nitrates are to be found, in greater or less quantity, 
in all cultivated soils. 

I shall not enter into a detailed inquiry how this nitric acid is fbtmed. 
It is probable that as in the atmosphere ammonia may be decomposed 
and give rise to the formation of nitric acid, so in the soil this acid may 
result from a similar decomposition, proceeding more slowly, but accord- 
ing to the same natural laws. In warm climates, indeed, it appears 
certain that the ammonia which is evolved or formed during the decay 
of animiU and vegetable substances, does speedily, and to a great extent, 
undergo oxidation,* and thus give rise to the greater abundance of nitric 
acid with which the tropical soils abound. 

Thus, in the economy of nature, much ammonia is decomposed in the 
soil also, and hence another cause for the constant diminution of the 
quantity of this compound in addition to those already detailed in the 
precedmg section. 

But, besides the portion of this nitric acid, which owes its existence to 

* For the perfect oxtdation of 1 of ammonta, no less than 8 of oxygen are repaired. ItiiM 
lof lof 3 of 

Ammonia. Nitric Acid. Water. 
^ NB3+80 = NOi H- 3HO. 
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the (lecoinposition of ammonia, much, by far the greatest proportion in 
all probability, derives its origin from the union of the elements of the 
atmosphere itself. This direct union is effected in the air, as has been 
already shown, by the agency of atmospheric electricity; but it also 
takes place in the soil during the oxidation of the other elements con- 
tained in the organic matters which are there undergoing decay. The 
combination of the elements of ammonia in such circumstances proceeds 
on the principle that bodies, themselves undergoing oxidation, dispose 
other substances in contact with them (in this instance the nitrogen of 
the liir) to unite with oxygen also. The presence of lime, potash, &c. 
in the soil, further induces to this oxidation by the tendency of these sub- 
stances to combine with the acid which is formed by this union of the 
elements of which nitric acid consists.— It is impossible precisely to es- 
timate the quantity of nitric acid produced in these variotis ways, through 
these various agents, and in these varied circumstances, or to balance it 
accurately against the amount of ammonia continually reproduced, as. 
we have seen, in nature, wherever the necessary conditions present 
themselves. But, as I formerly concluded, that the amount of nitric 
acid actually existing in the superficial deposits of our globe is greater 
than that of ammonia, so I think that, in regard to the reproduction also 
of th^se two compounds, the balance is in favour of the former. 

Since, then, nitric acid is fitted, by the solubility of its compounds, to 
enter into the circulation of plants in any quantity— since, when applied 
to them, it does undoubtedly promote, in a remarkable degree, the growth 
of plants — and since, in nature, it is continually reproduced in every 
country, and under such varied circumstances— I cannot withhold my- 
self from the conclusion, that, 'over the general vegetation of the globe; 
it holds with ammonia at least an equal sway, and is appointed to exer- 
cise at least an equal influence over the growth of plants, both in their 
natural and in their cultivated state. 

Still the influence of each is not unvaried by locality or by climate. 
The extent of dominion exercised by the nitrates probably diminishes as 
we jecede from the equator, while that of ammonia increases,— it. may 
be in an eciual proportion. The reason of this probable variation will 
itppear in the following section. 

§ 6. Theory of the action of nUric acid and ammonia. 
These two compounds act so far in common as to yield a supply of 
nitrogen to the plants into which they enter. They do so, however, un- 
der conditions which may be considerably difierentj and may be attend- 
ed by unlike chemical changes. 

I. — THEORY OF THE ACTION OF NITRIC ACID. 

1°. The nitric acid of the nitrates entering into the circulation of the 
roots will ascend to the leaf, and will there be decomposed in the same 
way as the carbonic and other similar acids are, by the action of the 
6UQ*s rays. It is only in the light of day that carbonic acid is decom- 
posed in the green parts of plants — so must it be, generally, with the 
nitric acid which ascends to the leaf. Its oxygen will be given off, 
while its nitrogen may be retained in the circulating system of the plant. - 
The extent to which this decomposition will take place at each passage 
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of the sap through the leaf will depend, in some degree, on the nature 
of the base (whether potash, soda, or lime,) with which the acid is in 
combination, but much more oti tlie intensity of the light to which the 
green parts of the plant are exposed, and on the temperature (^ the air in 
which the plant happens to grow. 

3°. It is still uncertain whether this acid is capable of being decom- 
posed in the roots or stems of plants where it is excluded from the light, 
though it is very probable that it may be so, especially in CEises where 
the juices naturally contain substauces in which hydrogen is present in 
excess, or where such compounds make their way into the circulation 
of plants from the manure that may be applied to their roots. 

Thus in the pines, in which turpentine (C40 Hss) naturally abounds* 
such a decomposition may the more readily occur, inasmuch as it would 
not necessarily imply the production and evolution of any gaseous sub- 
stance. Thus 

1 of Oii:.ofTobpentine, = €40 Haa with the oxygen of 

I of Nitric Acid (NO5) == O5 gives 

1 of Resin, = C40 Hs, O5 

By uniting with the oxygen of the nitric acid, therefore, oil of turpen- 
tine, in such trees, might be changed into resin during its passage 
through the stem, while the nitrogen, being set free, might, at the mo^ 
ment of its liberation, unite with other elements to form those parts or 
productions of the tree into which this element enters as a necessary 
constituent. 

The above must be considered merely as an illustration of the Jntifd of 
changes which niay possibly take place in the interior of certain plants* 
and in the absence of light, when the nitrates happen to be present. 
Were I to affirm that such changes actually do occur in the presence 
of nitric acid, the theoretical chemist would have a right to expect that 
several collateral questions should be discussed, the consideration of 
which would here be out of place. 

3°. The nitrates may also act in another way, which does not involve 
the necessity of the total decomposition of the acid they contain. We 
know that in nature many substances are capable of inducing chemical 
changes in other compound bodies, without themselves undergoing de- 
composition^ Some beautiful illustrations of this have already been 
given in a previous lecture, when treating of the action of sulphuric acid 
upon starch and woody fibre, [Lecture VI.. pp. 113, 114.] But the fact 
which most immediately bears on the influence of the nitric acid in the 
living plant, is that mentioned in p. 126, — that by solution in this acid 
in the cold, starch is converted into a substance having the composition 
of woody fibre. In the interior of the plant changes of this kind may 
be produced by simple contact only, with the nitric acid, so that, with- 
out being decomposed, it may be materially serviceable in promoting 
those molecular changes which are riecessary to the healthy and rapid 
growth of the plant. 

II. — THEORY OF THE ACTION oiP AMMONIA. 

1°. Ammonia is capable of contributing to the growth of the planf, 
by means of the hydrogen, as well as of the nitrogen it contains. W© 
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have seen [notes to pages 136 and 138,] that, according to the results 
of the best experiments, the whole of the oxygen of the carbonic acid 
absorbed, is not given off by the leaves of all plants even in the sun- 
shine,— "while in the dark this gas is largely and directly imbibed from 
the air. If in the sap of a plant there be present at the same time a 
(luantity of ammonia, the hydrogen of this ammonia may unite directly 
with the oxygen of the carbonic acid, forming water and a proportionate 
quantity of one or other of the several compounds (p. 112), which may 
be represented by carbon and water. Thus 

3 of Carbonic Acid, = C3 O^ and the hydrogen of 
2 of Ammonia (NH3) = Hg 

j^ of Grape 3 of 

8ogar. Water, 

give .... C3 Hfl Oe = C3 H3 O3 -f 3HO 

80 that where ammonia is present, and circumstances are favourable, 
sugar or starch may be formed in variable quantity, without the neces- 
sary evolution of oxygen gas. This change will take place in the inte- 
rior of the leaf. And, if the direct decomposition of carbonic acid, and 
tbe evolution of its oxygen by the agency of the sun, take place at the 
•aine time— with a rapidity proportioned to the intensity of the light,— 
this nmultaneous production of sugar, &c., from the presence of ammo- 
ma, must aid the increase and growth of the plant; and may be one . 
main cause of the fertilizing action of this compound, which has been so 
lodg and so generally recognized. 

. When the hydrogeti of the ammonia is thus worked up, the quantity 
of oxygen which escapes from the leaf must be less in proportion ; and 
hence another cause (p. 138) for those discrepancies which have been 
observed in regard to the bulk of oxygen given off, compared with that 
of the carbonic acid taken in, b^r the leaves of different plants. 

But at the same time the nitrogen is set free. This nitrogen will 
either be again compounded in the plant with other elements, or, if not 
requiried for its healthy growth^— that is, if more largely present than is 
required by the plant — it will be directly emitted by the leaves, or sent 
downwards and permitted to escape by the root. Hence the reason 
why pure nitrogen is evolved from the leaves of some plants (p. 95), 
and why ammonia exercbes a beneficial action upon vegetation, in 
cases where all the nitrogen it contains is neither retained nor required 
by ihef plant. 

Does this decomposition necessarily require the agency of light? 
May it not take place in the absence of the sun ? 

I will mention one or two facts which seem to throw light upon this . 
point. 

1^. Plants grow in the dark. Though feebte and blanched, thejr in- 
crease largely in bulk ; they must, therefore, have the power of assimi- 
lating their food to a certain extent, independent of the sun's rays* 

2°. Several species of Poa, Plantago, Trifolium arvense, Cheiran- , 
thus, to;., become green in the perpetual darkness of mines (Hum- 
boldt). 

3°. When a little hydrogen is mixed with the air, plants become 
greenish, even in the dark (Sennebier) ; and when exposed to the sun, 
the green becomes unusually intense in such a mixture (logenbouss),. 
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The immediate and visible efiect of an application of ammonia, or of 
soot, or of any top-dressing containing ammonia, is to render the green 
colour much more intense, and in the darkest weather. It is therefore 
probable, I think, that the hydrogen of the ammonia contributes to this 
immediate effect, and that the ammonia itself may be decomposed and 
its elements appropriated to the nourishment of the living vegetable, 
either by the unaided vital powers of the plant, or in the presence of a 
feeble light only. Like water, ammonia i% peculiarly liable to decom- 
nosition, not always of that perfopt kind which, /or (he sakeofsimplidty, 
1 have endeavoured to explain in the present lecture, yet such as to ren- 
der the elements of which it consists efvailable to the general nourish- 
ment of the plant. 

§ 7. Comparative influence of nitric acid and of ammonia in different 
climates. 

It follows, from what is above stated, that the beneficial influence of 
ammonia upon vegetation will be readily perceived in all cHmates in 
which plants are found to flourish. Its effects will be greater and more 
rapid where the heat and light are more intense,— only because by these 
agents the functions of all life are stimulated. 

Not so with the nitric acid in the nitrates. In the presence of organic 
compounds, that is, in the sap of the plant, it is less easily decomposed 
than ammonia. It requires the interference of more powerful agents— 
of a higher temperature, or of more brilliant light, — and thus its efficacy 
upon vegetation will be more dependent upon season and climate. 

Now, we have seen that in tropical countries the nitrates are produced 
in the greatest abundance, and tliere the high temperature and the bril- 
liant sun should render them most useful to vegetation. §uch is well 
known to be the case, and it may be regarded as one of those bountiful 
adaptations with which all nature is full— that in these wanner regions, 
the ammonia produced in the soil is first converted into nitric acid, that 
it may remain fixed, and that this acid again is decomposed by the same 
agents (light and heat), when it enters the living plant, and is required 
to minister to its growth. On the other hand, it may no less be regarded , 
as a wise provision, that in colder and more uncertain climates, where 
Warm and brilliant summers are less to be depended upon, that com- 
pound of nitrogen (ammonia) should more abound, which is 'most easily 
decomposed in the living plant, which is fitted in comparative darkness 
to yield up its nitrogen, and by the hydrogen it contains, to compensate 
in some slight degree for the partial absence of the sun's rays. 

From these views, therefore, we should draw this further practical 
conclusion— that in our climate, ammonia is sure to promote vegetation, 
and in every season, while the nitrates will produce their maximumeSisctf 
othei things being equal, in such only as have abundant warmth and 
sunshine. Is thus conclusion consistent with observation? Will it 
serve to explain any of the apparent failures which have occasioQally 
been experienced in the employment of the nitrates ? 

§ 8. Stimulating ir^uence of these compounds. 
There remains one other point in regard to the effect of these two 
compounds upon vegetation, to which I would request yoiur att^olioa* 
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We have seen that the quaattty of nitrogen cootaioed in a cfop raised 
hy the aid of fama-yard manure, id very much greater than that which 
exists in the mamire itself, and the views just exposed serve to indicate 
the sources from which the excess is derived. But suppose that upon 
two patches of ground, of equal quality, the one of which is manured 
and the other not, equal quantities of the same seed be sown, it is 
consistent with experience— that the crop reaped from the manured 
portion will not only contain more nitrogen than that reaped from the 
unmaoured portion, but so much more ss shall considerably exceed that 
contained in the majoure itself. Thus suppose the crop raised from the 
unmaoured laud to contain 100 lbs. of nitrogen, and that the matiure laid 
on the other portion contained 100 lbs. also, the erop which is reaped 
fkmi this latter portion, in favourable seasons^ will exceed, and probably 
▼ery far exceed, 200 Ib^. Hence the efiect cf the ammonia, dec., in the 
farm<-yard manorst is not merely to yield its ova niuogen to the plant, 
but to enable it, in some way bilherto unexplained, to draw from other 
source a larger portkw ef the same element than it woeld odierwise do. 
So also with the nitrates. If two equal portions of the same grass or 
oom^field, in early spring, be measured oflT, and one of thena be top- 
dressed with nitrate of soda or with saltpetre, the weight of nitrogen oon- 
t«ioed in-tho crop of hay or eom reaped ffom the latter, wilt generally 
bs fiwod to exeeed that contained in the crop from the former, by a 
qtifiotliy siueh greater than that which was present in the nitrate witli 
which the land was dressed** In addition, thecefi)re, to the nitrogen di' 

* The Ibnowinc calealBtloDt inastnte Uie ftetem^nt in the text :-<Mr. Onqr. of pUston. 
. (see Jottniel of Revel BeffQelt AsrieuliiiMl fledety,] eppUed iiilnite of eoda to paee lend in 
thf BctiMifio& ef ll* Ibe. to xbe eeire« 

The prodace without nitrate emounted to 9 toiv 81a|X)Ae« 
with 112 Ibe. of nKrale to 8 tent 146 stones 



Inweeee^ Iten fiSetonee. ArUCOIta. 
AttdSlSO-^ VAssfBH Ibe. the inereeee of bey from eechpoinid of nitrate of eoda.^ Bat elr 
lowlDg thie hay to eontein only one per cen^ of mtnof eB,w Ihe. will contain €)i omcea of «!• 
tiocen, which is neeriy donhfe the quantity actually preeent in the nitrate employed. 

A^ia,iB U)e case of e cp>p offsw—W- Ifyett npUed narsie of eodatoa fleid ef wJMSt, 
and compared the produce with ttiat ftom an equal poition to which no top-dreesing W9S 

COBM. eTBAW. 

Boeb. plu. pte. Cwt qra. Ibe. 

Nitrated 43 9 U 31 2 3 

WiUiont pitrtt^ . . 33 2 6 23 l 21 

Bnseas, » fi ^ 1 15 

Celculadng the bushel ef com at GO Ihs., Uie escees of com f tnounted to 600 Ihl., eealaifl^nf 
2iH per cent, or 147 lbs. of rinten aqd albumen. The nitrogen in these substancea, when 
pieperly dried, is fnn 16 Jo 17 per eenL If we soppoee the gluten not to hav<e been quite 
dry, and allow only 14 per cent of nitrogen, 147 lbs. would contain 2d)i lbs. of this elefncot 
But the nitrated pom cpntained 9 per cent more gluten and albumen than the un-aitntedi 
whlehiB'XItNidMlaCnoOlbe.) givee lOOlbe. ofgkitea 4n excess, eontainingM Ibe. of nitrogen. 
Ao4 8 cirt. of fifiiw(900 Jhe.) eomalaed ene^l^nl of aper eeot of aftrogen, [Bot i ss i sgs ntt ,] 
orfnallSIbe. 

Therefore the quantity of nitrogen preseiftin the nitrated crop abore that In the un-aitrated 
wfsaefollews: 

P. In600Ibe.ofwheatat24i< percent Ofglnten . ...... 20X lbs. Nitngea. 

9fi. la 2000 Ibe. of wheat at 6 percent of gluten contsised In eKcess, 14 Ibe* do. 
a». |aMOttM.ofilmraC.«iwthinlpflreent t Mm. de. 

Tonanttnaen sarXJbs. 

JlattheQitiogeoiiile.wtsfdr7nttiiiteof soda, as alrsMlyaMed, Is only 19 ]bs.orlittls 

[* Dry nitrate of soda contains about 16H per cent of nitrogen, being 19 Ibe. to Ae ewt^ 
or two and thfee^fiftb oenees te the pound ; but as It is nsnally applied, It contatae fiom 6 to 
iapsreeirt.efwatfln. Theaiiragea,tbeieis»m,B«ybeestf^ 
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recUy oonveyed to the plant by these nitrates, tbey also exercise some 
other influence, by which they enable the living vegetable to draw from 
natural sources a much larger supply than they would otherwise be 
capable of doing. What is this influence, and how is it explained ? 

This I suppose to be that kind of influence to which writers on agri- 
culture are in the habit of alluding, when they speak of certain substan- 
ces »timuUUing plants, or acting as atimulanU to their growth, though the 
term itself conveys to the mind no distinct idea of the mode of operation 
intended to be indicated—of the way in which the efiect is produced. 

In the present case, this special action of ammonia and the nitrates, 
and perhaps also of immediate applications of manure in general, ap-'^ 
pears to arise from their afibrdtng to the plant, in its early youth, a copi- 
ous supply of nitrogenous food, by which it is enabled at onee to shoot 
out in a more healthy and vigorous manner. It thrusta forth roots in 
greater numbers, and to greater distances, and is thus enabled to extract 
nourishment from a greater extent and depth of soil than is ever reached 
by the sickly plant-— it expands larger and more numerous leaves, and 
thus can extract from the air more of every thing it contains which is 
fitted to supply the wants of the living vegetiu>le ; as the stout and 
healthy savage can hunt and fish to support many lives, while the feeble 
or sickly can scarcely secure sustenance for himself alone. ' Feed a wild 
animal well the first few months of its life, and you may set it loose to 
prey for itself; starire it in its infancy, and iu growth and st^ngth will 
be stunted, and it may lead a wretched and hungry life. 

Even in soils,, then, and situations, which are capable of yieldin|[ to 
the plant every thing it may require for its ordinary growth, it is an im- 
portant object of the art of husbandry to discover what substances are 
especially necessary or grateful to particular crops, and to appl]^ these 
direcUyj and in abundance^ to the new- bom plant,— -in order that it may 
acquire sufficient stren^h to be able to avail itself in the greatest degree 
of the stores of food which lie within its reach. 

Concluding observations regarding the organic constituents of pUmJU* 

We have now considered the most important of those questions con^ 
nected with the organic elements of plants, which are direcdy interesting 
to the practical agriculturist. We have seen— 

1°. That all vegetable productions consist of two parts— one the or- 
ganic part, which is capable of being bprned away in the air-^-the other, 
the inoreanic part, Irhich remains behind in the mtm of ash. 

2^. That this organic part consists of carbout hydrogen, oxygen, and 
nitrogen only. 

3°. That plants derive the greater part of their carbon from carbonic 
acid, of their hydrogen and oxygen mta water, and of their nitrogen 
from ammonia and nitric acid. 

4^. That by far the largest portion of those substances which form 
the principal mass of plants, such as starch and woody fibre, consists of 
carbon united to oxygen and hydrogen in the proporticms in which tbey 

more than half the qaantltjr, which ia conseqoence of the presence and action of the niurate 
the Wheat was enabled to obtain and appropriate above the qoanttty appropriated by 4he 
wheat in the an-nitnted part of thefieUl. 

It requires no further prooi; therefore, to show that iht nUraU qfaoda atid the nitratm f>m»i 
act inMmeo^iertoajf m rtfermee to vegitaUttm than Ay wwp<y tugipfying aporHon qf w ft rt y » . - 
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exist in water,— K)r, in other words, may be repreeented by carbon and 
water in various proportions. 

5^. That the food on which they live enters by the roots and leayes 
of plants,— that the leaves, under the influence of the siin, decompose 
the cartxuHC acid, give off its oxygen, and retain its carbon,— and that 
this carbon, uniting with the elements of water in the sap, forms those 
several compounds of which plants chiefly consist. 

6°» That the supply of carbonic acid in the atmosphere is kept up 
partly by the respiration of animals, partly by the natural decaj of dead 
vegetable matter, and partly by combustion. That ammonia is sup* 
plied to plants chiefly by the natural decay of animal and vegetable 
substances— and nitric acid partly by the natural oxidation of dead or- 

Smic matter, and partly by the direct union of oxygen and nitrogeni 
rough the agency of the atmospheric electricity. 

7°. That while both of these compounds yield nitrogen to plants, they 
each exhibit a special action on vegetable life, in virtue of the hydrogen 
and ox3rgen they respectively contain— and exercise also a so-caOed 
stimiiUititi^ power, by which plants are induced or enabled to appro- 
priate to uemselves, fiom other natural sources, a larger portion of 
all their constituent elements than they could otherwise obtain or 
assimilate. 

In illustrating these several points, it has been necessary to enter oc- 
casionally into details which, to those who have heard or may read only 
the later lectures, may not be altogether intelligible. I am not aware, 
however, of having introduced any thing of which the full sense will 
not appear on a reference to the statement b^ which it is preceded. 
. We are now to consider the inorgame constituents of plants,— their na- 
ture,— €he source (the soil) from which they are derived,-^heir uses in 
the vegetable and animal economy,— how the supply of these substan- 
ces is kept up in nature,— and how, in practical husbandry, the want of 
them may be at once eficaeioudy and ectmomicidly supplied hy art. 
This division of our subject, though requiring a previous knowledge of the 
principles discussed in the foregoing lectures, will be more essentially 
of a practical nature, and will lead us to consider and illustrate the 
gveat leading principle by which the practical agriculturist ought to be 
guided in the cultivation and improvement of his land. 

We shall here also find much light thrown upon our path by the 
results of geological inquiry f and it is in the considerations I am now 
about to bring before you, that I shall have to direct your attention most 
ei^pecially to the principal applications of Geology to Agriculture. 
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LECTURE IX. 

Inoftlnieeoflatitoeiili of vegetable anbetaoeea.— Relative jWDpoitkiiie of oi|aiitoaiid Ukor* 
gaoic maUer io plaota.— UnUke iiropoctiooa io uolike apeciea.— Kind of iaoipuiic matter 
which exiata in difTereat apeciea.— Nature and prope»iea of Che aeveni inominic elemea* 
tHTjr bodiea foaiidia plants. 

Thx ooQsideratioD xif the inorganic constitoents of plants ib no less 
inportant to the art of cultore than tlie study of their orgaoiG elemeatSt 
whkh has engaged oor sole attention in the preceding part of these lee* 
tuies. 

It has already been shown that when vegetable substances are heated 
to redness in the air, the whole of the so-called organic elements— car- 
boEu hydrogen, oxygen, and nitrogen— are burned away and disappear ; 
while there remains behind a fixed portion, commonly called the ash, 
which does not burn, and which in most cases nndergoes no diminntioii 
i^hen exposed te a red heat. This ash constitutes the inorg-anic portion 
of j^ants. 

The organic or combustible part of plants constitutes, in general, 
ftom 88 to 99 per cent, of their whole weight, even after they are dried. 
Henee the quantity of ash left by vegetable substances in the green 
state is often exceedingly small. It therefore long appeared to many, 
that the inorganic matter could be of no essential or vitiA consequence 
to the plant— that being, withoot doubt, derived from the soil, it was 
only accidentally present,—- and that It might or miglit not be eontained 
in the juices and soKd parts of the living vegetable, without materially 
afibcting either its growth or its luxuriance. 

Were tliis the case, however, ^e quantity and quality of the ash left by 
the same plant should vary with the soil in which it grew. If one soil 
contained much time, another much magnesia, and a third much potash, 
whatever plant was grown updn these several soils should also contain 
in greatest abundance the lime, the magnesia, or the potash, which 
abounded in each locality— and the nature, at least. Of the ash, if not 
its proportion, should be nearly the same in every kind of plant whidi 
ia grown upon the same soil. 

Careful and repeated experiments, however, have shown — 
1^. That on whatever soil a plant is grown, if it shoots up In a 
healthy manner and fairly ripens its seed, the quantity and quality of 
the ash is nearly the same ; and 

2^. That though grown on the same soil, the quantity and quality of 
the ash left by no two species of plants is the same^— and that the ash 
differs the more widely in these respects, the more remote the natural 
Affinities of the several plants from which it may have been derived. 
Hence there is no longer any doubt that the inorganic constituenta 
contained in the ash are really essential parts of the substance of planta, 
—that they cannot live a healthy life or perfect all their parts without 
t]>«in,*— and that it Ib as much the duty of the husbandman to supply 
tiseae inorganic substances when they are wanting in the soil, as it has 
Bl^vcrayH been considered his peculiar care to place within the teach of. 
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the growing plant those decaying vegetable matters which are most 
likely to supply it witLorganic food. 

For the full establishment of ibis fact, we are indebted to SprengeL 
Others, as De Saussure, have published many important and very use- 
ful analyses of the inorganic matters left by plants, but for the illustra- 
tion of the important practical bearing of this knowledge of their inor- 
eanic constituents on the ordinary processes of agriculture, we are, I 
believe, in a great measure indebted to the writings and numerous ana- 
lytical researches of Sprengel. 

• It is difficult to conceive the extent to which the admission of the es- 
sential nature and constant quality of the inorganic matter contained ia 
plants, must necessarily modify our notions ami regulate our practice io 
every branch of agnculture. it establishes a clear relation between the 
kind and quality of the cmp, and the nature and chemical oompqeitioo 
of the soil in which it grows— it demonstrates what soils ought to con- 
tain, and, therefore, how they are to be improved— it explains the effect 
of some manures in permanently fertilizing, and of some crops in per- 
manently impoverishing the soil— it illustrates the action (k mineral 
substances upon the plant, and shows how it may be, and really is, in a 
certain measure,y<!^ by the dead earth :— over nearly all the operationa 
of agriculture, indeed, it throws a new and unexpected light. Of this, I 
am confident, you will be fully satisfied when I shall have discussed tlie 
various topics I am to bring before you in the present part of my lectures. 

§ 1. Of the reladve proportions of inorganic matter in different 
vegetable substances. 
As above stated, the ioorgatiic mauer contained in different vegetable 
productions varies from 1 to 12 per cent, of their whole weight. The. 
following table exhibits the weight of ash left by 100 lbs. of the mora 
commoidy cultivated plants— according to the analyses of Sprengel 
[Giemie^ vol. ii., passim]:— 

Undried. Dried in air.* 

Potato 0-83 lbs. 2*65 lbs. 

Turnip 0-63 7-05 

Do. white ... 0*8 J. 

Carrot 0*66 509 

Parsnip, .v . , . 0-82 4-34 

Leaf of Potato . . 4*79 

Turnip ... 1-8 2-91 

do. white . 2-18 J. 

Carrot . . . 1-98 10-42 

— 7- Parsnip . . . 3*00 15*76 
Cabbage . . 0*53 7*5.5 



Grain of Peret 

Wheat . . 1*18 lbs 

Eye . . . 104 

Barley . . 2*35 
Do. dried at 212, 2*52 J. 

Oats . . . 2*58 

Field Beans . 2*14 

— Peas . 2*46 



Dryftnwof 
Wheat 
Oats . 
Barley . 
Rye 
Beans . 
Peas • 



the 
leaf, 



Perct 
3*51 lbs. 
6*74 
5-24 
2*79 
312 
4*97 



Lucerne . . 
Red Clover . 
White Clover 
Rye Grass . . 



Green. 
2*58 Ifais. 
1-57 
1-74 
1'69 



In haj. 
9-55 Iba 
7-48 
9*13 
5*3 



* Of the aobctaoeet in Uiie column the jMlato kMt br. dry ins in U>e ntr 69 per et of watM. 
eturnip9l.thecitrrQtg; the turnip leal^the carrot leaTlbe paiwUp,and Se pIS2 
af,eaeh 81, and the eabtage leaf » per cent. • t r» v^x^^^ 
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Is the parts of trees dried in the' air there are found of inorigani^ 
matter— 





Wood. 


Leases. 


Wood. 


^ LeaveA 


In the Elm • 


. 1-88 


11-8 


In the Oak . . 0-21 


4-5 


Willow 


• 0-45 


8-23 


. Birch . . 0*34 


6-0 


Poplar . 


. 1-97 


9-22 


Pitch pine 0-25 


315 


Beech . 


. 0-36 


6-69 


Comm. furze 0*82 


31 J. 



In looking at the preceding tables, you cannot fail to be struck with 
one or two points, which they place in a very clear li^ht. 

JO, That the quantity of inorganic matter contained in the same 
weight of the difierent crops we raise, or of the different kinds of vegeta- 
ble food we eat, or with which our cattle are fed, is very unlike. Thus 
100 lbs. of barley, or oats, or peas, contain twice as much inorganic 
(earthy and saline matter, that is,) as an equal weigiit of wheat or rye-« 
and the same is the case with lucerne and white clover hays, compared 
with the hay of rye grass. 

2^. The quanntv contained in different parts of the same plant is 
equally unlike. Thus 100 lbs. of the grain of wheat leave only l^lbs. 
of ash, while 100 lbs* of wheat straw leave 3^ lbs. So the dry bulb of 
the turnip gives only 7 per cent., while the dry leaf leaves 13 per cent, 
of ash when it is burned. The dry leaves of the parsnip also contain 
nearly 16 per cent., though in its root, when sliced and dried in the air, 
the^re are only 4| per cent, of inorganic matter. 

in trees the same fact, is observed. The wood of the elm contains 
less than 2 per cent., while its leaves contain nearly 12 per cent. ;— -the 
wood of the oak leaves only ^th of a per cent., while from its leaves H 
per cent, or 22 times as much are obtained. The leaves of the willow 
a^d of the beech also contain about twenty times as much as the wood 
of these trees does, when it has been dried under the same conditions. 

These differences cannot be the result of accident. They are con- 
stant on every soil, and in every dimate ; they must, therefore, have 
their origiq in some natural law. PlanU of different species must 
draw from the soil that proportion of inorganic matter which is adapted 
to the constitulioo, and is fitted to supply the wants of each ; — ^while of 
that which has been admitted by the roots into the general circulation 
of the plant, so much must proceed to and be appropriated by each part 
as is suited to the functions it is destined to discharge. And as fVom 
the same soil different planu select different quantities of saline and 
earthy matter, so from the same common sap do the bark, the leaf, the 
wood, and the seed, select and retain that proportion which the healthy 
growth and devolopement of each requires. It is with the inorganic, aa 
with the organic food of plants. Sonie draw more from tlie soil, some 
less, and of that which curculates in the sap, only a small portion is ex- 

. pended in the production of the flower, though much is employed in 
Arming the stem and the leaves. On the subject of the present section, 

^ I shall add two other observations. 

1^. From the constant presence of this inorganic matter in plants, and 
from iu being fdways found in nearly the same proportion in the same 
species of plants,— -a doubt can hardly remain that it is an essential part 

, of their substance, and that they cannot live and thrive without it. Bu( 

f that it really is so, is placed, beyond a doubt, by the further experimezi- 
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tftl &et, that if a healthy yoaog plant he placed in circarnvtaBcesudieie 
it canoot obtain this inorganic matter, it droops, pines, and dies. 

3^. Bat if it be really essential to their growth, this inorganic matter 
must be considered as part of the food of plants ; and we may as cor- 
rectly speak of feeding or sapplying £bod to plants, when we add earthy 
and nuneral substances to the soil, as when we mix with it a supply a 
nch compost, or of well fermented farm-yard manure. 

I introduce this observation for the purpose of correcting an erroneous 
impression entertained by many practical men in regard to die way in 
which mineral substances act when applied to the soil. B^^ the term 
manure they generally designate i|uch substances as they believe to be 
capable of feeding the plant, and hence reject mineral substances, such 
as gypsum, nitrate of soda, and generally lime, from the list of manures 
properly so called. And as the influence of these substances on vegeta- 
tion is undisputed, they are not unfrequently considered as MHmtdanU only. 

Yet if, a» I believe, the use of a wrong term is ollen connected 
with the prevalence of a wrong opinion^ and may lead to grave emus 
in practice,— I may be permitted to press upon your consideratioQ 
the fact above stated — ^I may almost say demonstrated — ^that plants 
do feed upon dead unorganized mineral matter, and that you are, there- 
fore, really manuring your soil, and permanently improving it, when 
you add to it such substances qfa^oper kind* 

§3. Ofikekmdi}finorgamematUrfo%mdmflanU. 

I have said above, of a ffroper kind^^for it is not a matter of indiffer- 
ence to a plant, what kind of earthy or saline matter it takes Id by its 
roou. Each species of plant, we have seen, withdraws from the soil a 
quantity of inorganic matter, which is peculiar to itself, and which, as a 
whole, is nearly constant. 

So also «acfa species, in selecting for itself a nearly constant weight 
of inorganic matter, while it chooses generally the same kind of saline 
and earthy ingredients as other pfants do, to make up this weight, yet 
picks them out in proportions pMdiar to itself. Thus for example, Gme 
is present in the ash of nearly all plants, but while 190 lbs. of the ash 
of wheat contain 8 ponnds offime, the same wei^t of the ash of barley 
coataras only 4| lbs. So also potash is contained in the asdi of most 
plants grown for food, but in the ash of the turnip, there are 37j per 
cent, of potash, while in that of wheat there are only 19 per cent. Again, 
in different parts of the same plant, a like dlfierence prevails. The ash 
of the turnip bulb contains 16i percent, of soda,— that of the leaf, Httla 
more than 12 per cent. On the other hand, the lime in that from th« 
bulb constitutes less than 12 per cent, of its weight, while in that «>r the 
leaf h amounts to upwards or 34 per cent. 

These relative proportions among thedifierent kinds of inorganic xnmL' 
ser contained in the ash of plants— like the whole weight itself of tha 
ash — is nearly constant in the same species, and in the same part of m 
plant, when it h grown in a propitious soil. It is not, thereforeras I haw 
aheady said, a matter of indifierence to the living vegetable, whether 
it meets with this or with that kind of inorj;anic matter in the land cm 
which h growf-^whether its roots are sujpphed with lirae, or with potael^ 
or with loda. The toil mu$t contain au 0iese suh^ances, and m sndk 
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fuantUjf as ettnly to yield to (he crop 90 muck of each as the kind ofplani 
speeiauy requires. And if one of these necessary inorganic forms of 
matter pe rare or wholly absent, the crop will as certainly prove sickly 
or entirely fail, as if the organic food supplied by the vegetable matter 
of the soil were wholly withdrawn. It is, therefore, as much the end of 
an enlightened agricultural practice to provide for the various require- 
ments of each crop in regard to inorganic food, as it is to endeavour to 
enrich the land with purely vegetable substances. 

Since, also, as above shown, not only the relative quantity of inor- 
ganic matter, but its kind or quality, likewise,*ls difierent in different 
plants,-*^it may be, that a soil on which one crop cannot attain to ma- 
turity may yet surely and completely ripen another — a fact which is 
proved by every-day experience. The soil, which is unable to. supply 
with sufficient speed all the lime or the potash required for one crop, 
may yet easily meet the demands of another, and aSbrd an ample re- 
turn to the husbandman when the time of harvest comes.* 

On the other hand, this consoling, at once, and stimulating reflection 
musl arise in the mind of the practical agriculturist from the considera- 
tion of the above facts— >tbat if the soil contain all the inorganic substan- 
ces required by plants, and in sufficient quantity, it will grow, if rightly 
tilled, any crop which is suited to the climate,— or conversely to make 
it capable of. growing any crop, be has only— along with his usual sup- 
plies of animal or vegetable matter— to add in proper quantity these in- 
orranic substances also, 

llere a crowd of questions cannot fail to start up in your minds. You 
will ask, for example, 

l^. What are the several inorganic substances usually present in 
cultivated plants^ and what their respective proportions ? 
2^. Which of them are most generally present in the soil? 
3^. In what form can those which are less abundant be added most 
easily, most advantageously, and most economically ? 

We shall eodsider in succession these, and along with them other 

* On the aaine prioctple, also, aome of the InteresUng facU connected with the gni^ag of 
Omee are •naeepcible of a aatiafactory explanation. 

The iQOl of ft tree aeleiota froisi the soil the kind aad qHoUtif of inoifanic m«tter which 
mre required for the healthy maturity of ita own parts. Aoy other tree may be nailed on It, 
<wvhlch in its natural state requires the same kind of Uienanic matters in neany the same 
jMoportion. This is the case generally with varieties of the same spedes— more nurely 
^rUtn treea or pbmts of different species^-and- least frequently with such as belong to diifrr- 
^MBt genera.' Tlie lemon may be grafted on the orange, because the sap of the tatter oon- 
iB^lBa all the earthy and saline substances which the former requites, and can supply Asm 
mgM. fful&cient quantity to the engrafted tftig. But the fig or the grape would not f^iurif ^ or 
Mtaien fruit on the same stock— because these fruits require other substances than the root lif 
-^^^- orange cares to extract IhMn the sofi, or in greater quantity than the sap of the c — "^ 
floppy them. 



It is not for want of organic food, for of this the sap of nearly all plants is fuU^sand we , 
!M»v« seen in our previons lectures, how the sugar of the fig, the tartaric aeid of the grape, 
Mp^l the dtrie acid of the lemon, may aQ be produced by natural procemes from the aama 
ag99fUnaon ofgioiic 4bod. When we plant a tree or sow a crop on a soil which does not con* 
^mWmII that the tree or crop reqnhres, the triee must slowly perish,— the crop cannot yield a 
iMjJilaMfi rnmm 8e U is in grafting. Thetapo/UieMtoekmatstetmiaina^Aaftheeuetttfted 
ypg-ig* gr ^looi requiret in everv »tage qfits grotcth. Or to reciir to our former illustration— 
9 rfh^ potash or Hme required by ttke grape be not taken up and in sufficient quantity by 
"foot of the orange, it will be Ui vain to graft the former upon the latter with the hope of 



^ «oming to maturity or yielding perfect fruit 

^fXliin principle may also serve to expUin many other curious and hither^ otM|cvr« c^ 

tj niifnnrns rftnnrrtri -jth the practice of the gardener. 

16 
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subsidiary questbns, which will hereafter present themselves to. our 
notice. 

§ 3. Of (he several elementary bodies usually met mtfi in ike ash of plants 
What is understood by the term element or elementary body among 
chemists has already been explained (Lect. I., p> 22), as^ well as tbe 
number and names oif those elements with which we are at present ac- 
quainted. 

Of these elementary bodies we have seen that the organic part of plants 
contains rarely more than four, namely, carbon, hydrogen, oxygen, and 
nitrogen, in various proportions. In the inorganic part there occur nine 
or ten others, generally in combination, either with oxygen or with one 
another. 

The names of these inorganic elerpents are as follow : 
Name. In combinatioa with Forming 

Chlorine . Metals Chlorides. 

Iodides. 

sulphurets. 

Sulphuretted Htdrosbn.* 

Sulphuric Acid. 

Phosi^oric Acid. 

Potash. 

Chloride of Potassium. 

Soda. 

Chloride of Sodium or j 
Common Salt. 

Chloride of Calcium. 

Lime. 

Magnesia. 

Alumina. 

Silica. 

S Oxides. 
Sulphurets. 

Other elementary bodies, chiefly metallic, occur in some plants— -occa- 
sionally, and in very small quantity ,-*but, so far as is yet known, they do 
not appear ta be either necessary to their growth, or to exercise any ma- 
terial influence on the general vegetation of the globe. 

Of all the above elementary b^es it may be said, generally, 
' 1°. That with the exception of sulphi!lr,f they are not known to exist 
or to be evolved, in any quantity, anywhere on the surface of tbe globe, 
in their simple, elementary, or uncombined state; and that, therefore, 
in this state they iii no way affect the progress of vegetable growth, or 
require to occupy the attention of the practical agriculturist. 

2^. They all, however, exist in nature more or less abundantly in a 
State of combination with other substances, and chiefly with oxygen, [for 
an explanation of the meaning and of the laws of chemical corhbination, 
see Lecture ll., p. 32]— but in no state of combination are they known 
to be generally diffused through the atmosphere of the globe, so as to be 

* Called alto Hjdro-sulphiiric Acid. 

t <^en off In ▼apoorflrom acthre ▼oleanoea, and from reota and fiaaorea <a aneieiat voleaofe 
countnaa. 



Iodine . . 


do. 


Sulphur » 


do. 




Hydrogen 


Phosphorus 


Ojygen 


Potassium . 


do. 




Chlorine 


Sodium . . 


Oxygen 
Chlorine 


Calcium . 


do. 


Magnesium 


Oxygen 


Aluminium 


do*. 


Silicon 


do. 


Iron and i 
Manganese '» 


do. 


Sulphur 
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capable of entering plants by their leaves or otber superior parts, l^ey 
must all, therefore, enter by the roofs of plants,^niu8t consequeotly ex- 
ist in the land,— and must all be necessary constituents of that soil in 
which the plants that contain them grow. 

It will not be qecessary, therefore, to consider so much the relative 
proportions in which these elementary bodies themselves exist in plants, 
as that of the several chemical compounds which they form with oxy* 
gen, or with one another— -in which states of combination they exist in 
the soil, and are found in the circulation and substance of the plant. As 
a preliminary to this inquiry,, however, it will be proper to lay before 
you a brief outline of the nature and properties of these compound 
bodies tbemselves — ^and of the direct influence they have been found to 
exercise upon vegetable life. . • 

§ 4. Of those comp&unds of the inorganic elements which enter directly into 
the drculatum, or -exist in tnesutistance and ask of plants* 

!•— CRI.OR1NE AND MURIATIC ACID. 

Chlorine.-^K a mixture of common salt and black oxide of manga- 
nese [sold by this name in the shops] be put into a flaek or bottle of 
colourless glass, and sulphuric acid (oil of vitriol) be poured upon it, a 
gas of a greenish-yellow colour will be given off, and will gradually fill 
the bottle. This gas is distinguished by the name of chlorine. 

It is readily distinguished m>m all other substances by its greenish- 
vellow colour, and its pungent disagreeable smell. It extinguishes a 
lighted taper, but phosphorus, gold leaf, metallic potassium and sodium, 
and many other metals, take fire in it and burn of their own accord. It 
is^ nearly H times heavier than common air, and therefore may be 
readily poured from one vessel to another. Water absorbs twice its 
own bulk of the gas, acquiring its colour, smell, and disagreeable astrin- 
gent taste. 

Animals cannot breathe it without sulfocation— and, when unmixed 
with air, it speedily kills all living vegetables. The solution of chlorine 
ia water was found by Davy to promote the germination of seeds. 

It does not exist,^ and is rarely evolved, [see Lecture V., p. d4,] in 
nature in a free or uncombined state, and therefore is not known to ex- 
ercise any direct action upcMi the general vegetation of the globe. It 
exists largely, however, in common salt (chloride of sodium), every 100 
lbs. of this substance containing qpwards of 60 lbs. of chlorine. Indi- 
rectly, therefore, it may be supposed to influence, in some degree, the 
growth of plants, where common salt exists, naturally in the soil, or is 
artificially applied in any form to the land. 

^ Mwidke acid^ the spirit of salt of the shops, consists of chlorine in 
combination with hydrogen. It is a gas at the ordinary temperature of 
the atmosj^ere, but water absorbs between 400 and 500 times its bulk 
€ft it, and the acid of the shops is such a solution in water, of greater or 
less ^rength. ^ 

Muriatic acid has an exceedingly sour taste, corrodes the skin, and in 
its undiluted state is poisonous both to animals and plants. It dissolves 
coDomon pearl ash, soda, magnesia, and limestone, with ^fiervescence ; 
and readily dissolves also, and combines with, many earthy substances 
INT hich are contained, in the soil. 
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When applied to liyiag yegettbles in the 9tate of ao exeeediDgly di- 
lute solution in water, it has been supposed upon some soils, and in 
aome circumstances, to be favourable to vegetatioo. Long experience, 
however, on the banks of the Tyne, and elsewhere, in the neighbour- 
hood of the so-called alkali* works, has proved that in the state of va- 
pour its repeated application, even when diluted with nnuch air, is in 
many cases fatal to vegetable life. 

Poured in a liquid state ufx>n faUaw land, or land preparing for a 
crop, it may assist the growth of the future grain, by previously forming, 
with the ingredients of the soil, some of those compounds which have 
been oocasionaUy applied as manures, and which we shall consider 
hereafter. 

Chlorine is represented by CI, and muriatic add by HCl. 

lI.-<^I0DIIfK. 

Iodine is a solid substance of a lead grey colour, which, when heated, 
is converted into a beautiful violet vapour. It exists in combination 
chiefly with sodium, as Iodide of Sodium, in sea water and in marine 
plants ; but it has not hitherto been detected in any of the crops usually 
raised for food. 

Like chlprine, it is poisonous botk ,to animals and plants ; and was 
found by Davy to assist and hasten germination* It may possibly exert 
some hitherto unobserved influence upon vegetation, when it is applied 
to the soil in districts where sea-ware is largely collected and employed 
as a manure. 

Iodine is slightly soluble in water, and this solution has been men- 
tioned in a previous lecture (VI., p. 107), as afibrding a ready means 
of detecting starch by the beautiful blue colour it gives with this sub- 
stance. 

III.-!->SULPRUa, SULPHUROUS AND SULPHUaiC ACIDS, ANB SOI.- . 
' PHURETTfiD HTOROGCN. 

1^. Stdphur is a substance too well known to require any detailed 
description. In an uncombined state it occurs chiefly in yolcanie coun- 
tries, but it may sometimes be observed in the form of a thin pellicle on 
the surface of stagnant waters— or of mineral springs, which are natu- 
rally , charged with sulphurous vap<mr8. In this statie it is not knovrn 
materially to influence the natural vegetation in any part of the globe. 
It has, however, been employed with some advantage in Oermany as a 
top-dressing for clover and other crops to which gypsum in that country 
is generally applied. The mode in winch It may be supposed to act 
will be considered hereafter.* 

2®. ^nlphurous acid. — ^When sulphur is buriied in the air it gives off* 
a ^seous substance in the &rm of white fumes of a wetl knowri intensely 
snSbcating odour. These fumes consist of a combination of the suljihur 

* la theM work! carbonate o/soda (the common aoda of the ihoM) and suiphaie of aodm. 
dlanber sain are mana&etared from common ealtf and in one of the pmeetMe inuii«iM« 
qoantitleB of mariatie acid are given off from the Aimace, and uiwd to escape into the air bv 
the chimney. ■ . '^ 

t Tlie reAiae heap* of the atkaH worka on the Tyne cootain moeh solpkar and more mftt^ 
■om—but the fiurmem, perhaps, natorally enough, consider that if the worlM themaeiv^j^ 
harm to their crops, the refuse of the works cannot do them much good. There are Oiou. 
aatuSs of tons of this mixttire which may be had for Um Isading awajr. »>»««^ 



which disappears with die oxygen of the atitiosphele, and are knowti 
to chemists by the name of sulphurous add. This compound Is des* 
tructive to animal and vegetable Hfe, but as it is not known to be directly 
formed to any extent in nature, except in the neighbourhood of active 
ydcaness, it probably exercises no extensive idfluence on the general 
v^petation of the globe. 

This gas possesses the curious property of bleaching many animal and 
vegetable substances. Wool and straw for plaiting are bleached to an 
almost perfect whitene8»-— when they are suspended in n vessel or room 
into which & plate of burning sulphur has been introduced. Gardeners 
sometimes amuse themselves ako in bleaching roses and other red 
flowers, by holding them over a burning sulphur match. Some shades of 
red resist this action more or less perfectly, and theeolour of the bleached 
powers may often be restored—by dipping thein' in a dilute solution of 
elirbooate d sodai or by holding them over a bottle oT hartshorn (liquid 
ammonia). 

3. Sidihuric aeu/.-^Thi8 b the name by which chemists distinguish 
the ml of vitriol of the shops. It is also a compound of sulphur and oxy" 
cea only, ^rad is formed by causing the fumes of sulphur to pass into 
large leaden chambers along with certain other substances, &om which 
they can obtain a further supply of oxygen. 

It is met with in the shops in the form of an exceedingly sour corrosive 
liquid, which decomposes, chars, and destroys all animal and vegetable 
substances^ and, except when very diluted, is destructive to life in every 
ibrm. It is rarely met with in batiire, in an uncombined state^— ^thougn 
according to Boussingault, some of the streams which issue fVom the 
volcanic regions of the Andes are rendered sour by the presence of a 
quantity of this acid. 

It combines with potash, soda, lime, magnesia, dec, and forins sut- 
phate» which exist abundantly in nature, and have often been beneH- 
dally and profitably employed as manures.' 

Where the eoil contains hme or magnesia, the acid may oAeti be ap- 
plied directly to the land, in a very dilute state, with advantage to clover 
and other similar crops. It has in France, near Lyons, been observed 
to act fkvonrably when used in this way, while in Germany it has been 
fband better to apply it to the ploughed land, previous to sowing. A few 
experiments have also been made in this country with partial success. 
It is de8enr!ng^ howeVet, of a further trial, and in more varied circum- 
fltanced. 

4®. Svipkwretted Hydwgen.^^Thia gaseous compound of sulphur 
with hydrogen, is almost universally known by its unpleasant smell. 
It imparts their peculiar taste and odour to sulphurous springs, such as 
that of Harrogate, and gives their disagreeable smell to rotten eggs. It 
ii often produced in marshy and stagnant places,* and fish ponds. Where 

* This «|>peara to be etpeoiaUy the eaM on theeootts of Weateiu AiHco, where ttie 
hot mm is contiotialty beating on sea waler, often shallow, rreouentW stagnant, and alwavg 
laden with organic matter, either animal or Tegetable (Danieli). Near the mouth of the 
Tees in this county. Where a shallow, dark blue, muddy, samphire-beartng tract stretches 
for several miles inland from Seaton Bnook, the presence of salpbnretted hydrogen may be 
perceived bythe snkeil, when on a hot summer's day a gentle air skive along me edge of 
the Slake. The favourable conditions are, a burning sun, a very gentle air, and Such a an- 
dUlon of the sea— that those parts and pools which are only fsaclied by the spring (Mei, 
flbaU have l>eeti several days uncovered. 
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vegetable matter is aoder^Mng decay in the presence of water contaia- 
ing gypsum, or other stdpkates ; and it may occasionally be detected by 
the sense of smell among the roots of the sod, in old pasture land, to 
which a top-dressing is occasionally given. 

A» in the egg, so also in other decaying animal substances, especially 
when the air is in some measure excluded, this gas is formed. In pu- 
trified cow*8 urine, and in night soil, it is present in considerable quan- 
tity. 

Sulphuretted hydrogen is exceedingly noxious to animal and vegeta- 
ble life, when diffused in any considerable quantity through the air by 
which they are surrounded. The luxuriance of the vegetation in the 
neighbourhood of sulphurous springs, however, has given reason to be- 
lieve that water impregnated with this gas, may act in a beneficial 
manner when it is placed within Teach of the roots of plants. It seems 
also to be ascertained that natural or artificial waters which have a sul- 
phurous taste, give birth to a peculiarly luxuriant vegetation, when they 
are employed in the irrigation of meadows.—- [Sprengel, ChefnU^ l^ 
p. 365.] 

The relative constitution of these three compounds of sulphur is thus 
represented:—- 

Isrepre- Or lofSolphnr 

One equiyaleAt of Weighlnf geated hj and 

Sulphur 16 S 

Sulphurous Acid . . 32 SO, 2 of Oxygen 

Sulphuric Acid ... 40 SO3 3 of Oxygen 

Sulphuretted Hydrogen 17 SH 1 of Hydrogen.* 

IT.— PBOSPHOaUS AND PBOSPBORIC ACID. 

1^. Phosphorus h a solid substance of a pale yellow colour, and of a 
consistence resembling that of wax. When exposed to the air it slowly 
combines with the oxygen of the atmosphere, and burns away with a 
pale blue flame visible only in the dark. When rubbed, however, or 
exposed to a slight elevation of temperature, even to the heat of the 
hand, it readily bursts into a brilliazlt flame, emitting an intense light 
accompanied by dense white vapours. It does not occur in nature in 
an uncombined state, and is not known to be susceptible of ady useful 
application in practical agriculture. 

2°. Phosphoric Acid. — The white fumes given off by phosphorus, or 
rather into which it is changed, when burned in the air or iu oxygen 
gas, consist of phosphoric acid. This compound is solid and colourless, 
attracts moisture from the air with great rapidity, is exceedingly soluble 
in water, has an intensely sour taste, and like sulphuric acid is capable 
of corroding and destroying animal and vegetable substances. 

It dqes not exist in nature in a free state, and, therefore, is not directly 
influential upon vegetation. It unites, however, with potash, soda, lime. 
Sec., to form compounds, known by the name of phosphaUs. In these 
states of combination, it is almost universally diffused throughout nature 
—and appears to be essentially necessary to the healthy growth and 
maturity of all living— certainly of all cultivated vegetables. 

* For the piopertlee of oxygen and hvdrogen tee sboYe, pages $21 and 85. and for tiielr 
eqoivaleat or atomic weights see page 34. 
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T; — POTASSIUMf POTASH, CARBONATE, SULPHATE, OXALATE, TARTRATE, 
C'l^TRATE, AITD SULPHATE OF POTASH, A2ID CHLORIDE OF POTASSIUM. 

1°. Carbonate, of Poto«A.— Fn countries where non-resinous trees 
abound, it is usual to burn the wood which cannot otherwise be employ- 
ed — as in the clearings in Canada and the United States— for the pur- 
pose of collecting the ash which remains. This ash is washed with 
water and the washings boiled to dryness in iron pots. In this state it 
forms the jpo^ash of commerce. When this potash is again dissolved 
in water, and the clear liquid decanted and boiled, the i^^ar^ash of the 
shops is obtained.' 

This pearl-ash is an impure form of the carbonate of potash of chem- 
ists. It readily dissolves in water, has a peculiar taste— distinguished 
as an alkaline taste — and dissolves in vinegar or in diluted sulphuric or 
muriatic acid, with much effervescence. The gas given off during this! 
eflfervescence (or boiling up) is carbonic acid, the same which, as was 
aliown in a previous lecture, is obtained when a diluted acid is poured 
upon chalk or common limestone. 

This carbonate of potash has been long known to exercise a powerful 
in^uence over the growth of plants. 

The use. of wood-ash as a fertilizer both of pasture and of arable land, 
goes back to the most temote antiquity ; and though the crude wood-ash 
contains other substances also, yet much of its immediate and most ap- 
parent effect is due to the carbonate of potash it contains. 

From what has already been stated, at the commencement of the 
present lecture, in regard to the presence of potash in the parts and 
juices of nearly all plants, you will already in some measure under- 
stand why the carbonate of potash should be useful to vegetation, and—* 
since this alkali (potash) is present in greater quantity in some than in 
others — why it should appear to be tnore especially favourable to the 
growth of one kind of plant than of another. 

In this way, it is explained why moss and coarse grasses are extirpa- 
ted from meadows by a sprinkling of wood ashes— -and why red clover, 
lucerne, esparsette, beans, peas, flax, and potatoes, &c., are greatly 
promoted in their growth by a similar treatment. This substance, how-. 
ever, has other functions to perform in reference to vegetation, besides 
that of simply supplying the crop with the potash it requires ; these func- 
tions I shall explain more particularly hereafter, when you will perhaps 
be better prepared for understanding the detmls into which it will be ne- 
cessary to enter. 

2°. Potash, — When 12 parts of carbonate of potash are dissolved in 
• water, .and boiled with half their weight of newly-slaked quick-lime, 
they are gradually deprived of their carbonic acid, and converted into 
pure potash,—- or as it is often called, from its effect od animal and ve- 
getable substances, caustic potash. 

The caustic liquid thus obtained decomposes or dissolves most animal 
and vegetable substances, whether living or dead. When applied to 
the skin, unless it be in a very diluted state, it destroys it, and produces 
a painful sore. Potash does not occur in nature in this caustic or un- 
combined state, and is not known, therefore, to exercise any direct in- 
fluence upon natural vegetation. . 

When wood-ashes and quick-lime are mixed together in artificial 
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' composts, it is not ODlikely that a portion of the carbonate of potash may 
be rendered caastjc, and, therefore, be more fit to act upon the vegetable 
matter in contact wkh it— by rendering it soluble in wafer and thus ca- 
pable of entering into the roots of plants. To this point I shall have 
occasion to return hereafter. In the mean time, it is proper to remark, 
that if pedrl-ash be mixed, as above prescribed, with half its weight of 
quick-lime, and then boiled with less than ten or twelve times its weight 
ofwater^ a part of the potash only u rendered caustic — ^the lime being 
unable to deprive the pearl-ash (carbonate of potash) of its carbonic 
acid, unless it be largely diluted. Hence, in dry composts, or mixtures 
• of this substance with quick-lime, it is unlikely that any large portion of 
the potash can be at once brought to the caustic state. This fact is 
really of importance in reference to the theory of the conjoined action of 
quick-lime and wood or pearl-^h, wheil mixed together in artificial ma- 
nures, and applied to the land. 

3^. Potassiuni.^'VIhQTk dry caustic potash, obtained by evaporating 
the caustic solution above described, is mixed with powdered charcoal 
and iron filings, and exposed to an intense heat in an iron retort, it is de- 
composed, and metallic potcusiwn distils over, and is collected in thie 
ii>rm of white shining silvery drops. 

il was one of the most remarkable discoveries of Sir H. DaVy, that 
potash was a compound substance, and consisted of this metal potassiuofi 
united to oxygen gas. 

Potassium is remarkable for the strong tendency it possesses to unite 
again with oxygen and re-form potash. When simply exposed to the 
air, it gradually absorbs oxygen from the atmosphere ; but if it be heat- 
ed in the air, it takes fire and burns. When the combustion has ceased, 
a quantity oC caustic potash remains, the weight of which is nearly one- 
fifth greater than that of the potassium employed. It even bursts into a 
flame when thrown upon water, depriving that liquid of its oxygen, and 
liberating its hydrogen,— and it was justly considered as the %nost aston- 
ishing property of this metal, when first discovered, that it took fir© 
wh^n placed upon the coldest ice. [For the composition of water, see 
Lecture II., p. 36.] When thus burned in contact with water, potash 
is formed, as before, and is found dissolved in the liquid when the ex- 
periment is completed. 

4®. Chlcride of Potassium.-^This is a compound of chlorine with po- 
tassium, which, m taste, properties, and general appearance, has much 
resemblance to common salt. It may be formed by dissolving pearl- 
ash in dilute muriatic acid (spirit of salt) as long as any effervescence 
appears, and afterwards evaporating to dryness. It exists in small 
quantity in sea water, in the ash of most plants, and frequently in the 
soil. It is not an article of manufacture, but is occasionally extracted 
from kelp, and sold to the alum makers. Could it be easily and cheap- 
ly obtained, there is no doubt that it might be employed with advantage 
as a manure, and especially in those circumstances in which common 
salt has been found to promote vegetation. The refuse of the soap-boil- 
ers, where soap is made from kelp, contains a considerable quantity of 
this compound. This refuse might be obtained at a cheap rate, and, 
therefore, might be usefully collected and applied to the land where 
such works are established* 
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5^. SulphaUof Potash.'^Thw compound is formed by adding peari^ 
ash to dilute sulphuric acid (oil of vitriol) as long as effervescence ap- 
pearsv^ and then evaporating the solution* It is a white saline sub- 
stance, sparingly soluble in water, and has a disagreeable bitterish taste. 
It exists in considerable quantity in wood-ash, and in the ash of nearly 
all plants, and is one of the most abundant impurities in the common 
potash and pearNash of theu shops. This sulphate itself is not an article 
of extensive manufacture, but it exists in common alum to the amount 
of upwards of 18 per cent, of its weight. 

DLssdved in 100 times its weight of water, the sulphate of potadi. hai9 
been found to act favourably on red clover, vetches, beans, peas, ^.^ 
and pan of the effect of wood ashes on plants of this kind is to be attri-> 
bated to the sulphate of potash they contain. Turf ashes are also said 
to contain this salt in variable quantity, and to this iA ascribed a portioii 
of their efficacy also when applied to the land. 

6°. Nitrate of Potash, or saltpetre, is a well known saline substance, 
of which mention has already been made in the preceding lectures. [See 
p. 56, and pp. 159 to 163.] It contains potash and nitric acid only, and 
may be jreadily formed by dissolving pearl-ash in nitric acid, and eva- 
porating the- solution. It exists, and is continually reproduced in the 
sou of most countries, and id well known to exercise a remarkable influ- 
ence in accelerating and increasing the growth of plants. 

T". Oxedate* afPoUuh^'^Theae salts exist in the common and wood 
sorrels, and ia most of the other more perfect plants in which oxalic 
acid is known tQ exist. [See pp. 47 and 137.] The aall of sorrel is the 
best kttown of these oxidates. This salt has an agreeable acid taste, 
and IS not so poisonous as the uncombined oxalic acid. 
. When this salt is heated over a lamp, the oxalic acid it contains is de- 
oontposed, and carbonate of potash is obtained. It is supposed that a 
great part of the potash extracted from the ashes of wood and of the 
stems of plants in general, in the state of carbonate, existed as an oxa- 
late in the living tree, and was converted into carboi^ate during the com- 
bustioa^ the woody fibre and other organic matter. This compound, 
therefore, in^ all probability, performs an important part in the changes 
which take place in the interior of plants, though its direct agency in 
affecting their growth when applied externally to their roots has not 
hitherto been distinctly recognized. It is probably fornied occaibnally 
in farm-yard manure, and in decaying urine and night-soil, but nothing 
very precise is yet known on this subject. 

8^. CitraUs aind Tartrates of Poto^/t.— These salts exist in many 
fruits. The citrates abound in the orange, the lemon, and the lime— 
the tartrates in the grape. When heated over a lamp, they are decom- 
posed, and like the oxalates leave the pptash in the state of carbonate. 

In the interior of plants, both potash and soda are most frequently 
combined with organic acids (oxalic, citric, tartaric, ^., for an ac- 
count of the most abundant of which see JLecture VI., p. 121,) and the 
compounds thus formed are generally what chemists call acid salts*- 
that b to say* they generally have a distinctly sour taste, redden vege- 
table blues, and contain. much more acid than is found to exist in cer- 
tain other well known conipounds of the same acids with potash. 

The citrates and tartrates are not kno^n to be formed in nature, ex- 
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cept id the Uviiif plant, aod as they are too expensive to be «rer em- 

Eioyed as manures, it is the less to be regretted that (^w experimeois 
ave yet been tried with the view of aacertaioing their efieet upoo vege- 
tation* 

9°. Pho$pkmti$ ofPota$k.^lfio a known weight of phosphoric acid 
(p. 186) pearl*ash (carbonate of potash) be added as long as any efl[dr> 
vescence appears, and the solution be then evaporated, pko9phaU ef 
potash is obtained. If to the solution before evaporation a second por* 
tion of phosphoric acid be added, equal to the first, and tlie water be 
then expelled by heat, m^-pfumpkaU of potash will remain, [so called 
fiom hiSf twice, because it contains twice as much acid as the fanner^ or 
neutral phospliate.] 

One or other of these two salts is found in the ash of nearly all plants. 
Whether or not the'elemeou of which they consist exfst in tins state of 
combination in the living plant will be considered hereafter^ in the mean 
time it may be stated as certain that they are of the most vital impor- 
tance not onl^ in reference to the growth of plants ihemselyes, but also 
to their nutritive qualities when eaten by animals for food. 

These phosphates are occasionally, perhaps very genefally, preseot 
in the soil in minute quantities, imd there is every reason to believe 
that could they be applied to the land in a sufficiently ecooomiod form, 
they would in many cases act in a most favourable manner upon v€^- 
latioB. Tbey are contained in urine and other animal manures, and to 
iheir presence a portion of the efficacy of these manures is lo be'ascfibed. 

VL-^SODIUM, SODA, CARBOIYATE OF SODA, SUI.FIIATE OF SODA, SUI^FHU- 
a£T OF SODIUH, CVIiORIDE OF SODIVM* 

1^* Chloride ofSodivm^ common or sea salt, exists abundantly in sea 
water, and is found in many parts of the earth in the form ehher of in- 
orustationson the surface or of solid beds or masses at considerable depths. 
The rock salt of Cheshire is a well known example erf* this laner mode 
of occuri^ence. 

Common salt may also be detected in nearly all soils, it is found in 
the ashes of all plants, but especially and in large quantity in the ashes of 
marine plants (kelp), and is sometimes borne with the spray of the sea to 

freat distanees inland, when the winds blow strong, and the waves are 
igh and broken. 

On some rocky shores, aa on that between Berwick and Duiibar, the 
spray may be seen occasionally moving up the little c(»ves and inlets in 
the form of a distinct mist driving before the wiml, and the saline matter 
has been known to traverse nearly half the breadth of the island beifore 
it was entirely deposited from the air. 

It is impossible to calculate how much of the saline matter of sea water 
may in this way be spread over the surface of a sea-gin land like ours; 
hut two things are certain-^that those places which are nearer the sea 
will receive a greater, and those m»>re inland a lesser, portion ; and that 
those coasts on which sea winds prevail will be more largely and mfore 
frequently visited than those on which land winds are more' commonly 
experienced. 

It is well known that common salt has been employed in all ages and 
in all oouDtnes for the purpose ot promoting vegetation, and in no cpun- 
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tty p«fbap« in larger qaaniity or more cKieiwively iban in Eriglantf. 
Ihat It has. often failed to benefit the land in particular localities, only 
wows that the soil it] those places already contained a natural supply of 
this compound large enough lo tiieet the wauta of rhe crops which grew 
upon It. The facts above stated as ta the iwflufence of the wind in tap* 
d^ssmg the exposed coast-line of ? country with a sotufton of salt, may 
serve as ao important guide both in reference to the places in which it 
may be expected to benefit the land, and to the causes of its fhilloe to 
do so in particular districts. 

2^, SutphaU ofSodapot Glauber's salt, is usually manufactured from 
oommon salt by pouring upon it diluted sulpfanric acid (oil of vitriol), 
and applying heat. Muriatic acid (spirit of salt, so called by the old 
cfaemistsr beeanse thus given off by conimon salt,) is given v<Jff in the 
form of vapour, and sulphate of soda remains behind. It may also be 
prepared, though less economically, by adding the common soda of the 
shops to diluted 8ul|)huric acid as long as^any effervescence appears. 

Thb well ktiown salt is met with in variable qtiamity in the ashes of 
nearly all plants, and is diffused in minote proportion through most 
soiis. I have elsewhere [see Appendix,] directed your attention to the 
beheficial effect which it has been observed to exercise on the growth 
especially of such |»hmts as are known to contain a considerable propor- 
tion of sulphnrie acid. Among these are red clover, vetches, peas, dec. 
And as tins salt \b manufactured largely in this country, and can be ob- 
tained at the low price of 4en slnllings a cwt. in the dry state,* J have 
recommended it to the practical fhrmems likely to be extensively useful 
as a nianore for cetiain- crops and on certain soils. The kind of crops 
and soils have a» yet in great mea#tire to be determined by practical 
tiiaisb*— [See the results of Mr. Fleming's Experimentsi given in the 
Appendix.] 

99. Sulphftret ^f i$Mi«m.-*-When sulphate of soda is Mxed with 
saw-dusv, and heated in a furnace, the oxygen of the salt is sepai'ated, 
and sitlpburet of sodium is produced. By a similar treatment sulphate 
of poiash is converted into sulphuret of potassium. These compounds 
consist of anlpbur aOd metallic sodium or potasisium only. They do 
not occur extensively in nature, and are not manufactured for sale ; but 
there k reason to believe that they would materially promote the vege- 
tation of such plants as Contain much sulphur in combination with pot- 
ash or soda. ^The solpharet of sodium is present in variable quantity in 
the refuse lime of the alkfiti works, already spoken of, and niight be ex- 
pected to aid the otlier substances of which it chiefly consists, in contri- 
buting to the more rapid growth of pulse and clover crops. 

4*^* Carbonate of Soda. — I have described the above compounds 6f 
soda before mentioning this its best known and most^$ommon form, be- 
cause' they ai^ all steps in the process by which the latter is osually pre* 
parad.from common salt, by the soda manufacturers. 

When the snlphnret of sodium is mixed with chalk in certain propor- 
tions, and heated in a furnace, it is deprived of its sulphur, and is coti* 
verted into carbonate of soda« the common soda of the shops. 

This well known salt, now sold in the state of crystals, [containing 62 

* Not4n crrstalB, the form in which it is commonly sold as a hone medicine. These 
erjMulB comau upwards of half their weight (56 per cent) of water. 
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per oeou of water,] at ftom lOe. to 12». a cwi., has not as yet been ex- 
tensively tried as a means of prpnaotiog vegetaiion. The lowness of its 
price, however, and the fact that it is an article of extensive home naan- 
ufacture, conjoined with the encouragement we derive from theoretical 
considerations— all unite in snggeeting the propriety of a series of ex- 
periments with the view of determining its real value to the practical 
agriculturist. The mode in which theory indicates that this compound 
is likely to act in promoting vegetation— as well as the crops to which it 
may be expected to be especially useful, will come under oor considera- 
tion hereafter. « 

Besides the common carbonate of soda above described, and which in 
the neighbourhood of Newcastle is manufactured from common salt to 
the amount of 30 or 40 thousand tons every year, there occur in nature 
two other compounds of soda with carbonic acid, in which- the latter 
substance is present in larger quantiiy than in the soda, of the shops. 
The ^es^Mi-carbonate, containing one half more carbonic acid« occors in 
the soil in many warm climates (Eg^pt, India, South America, dec.), 
and at Fezzan, in Africa, is met with as a mineral deposit of such 
thickness as in that dry climate to allow of its being employed as a 
building stone. 

The 6i-carbonate is contained in the waters of many lakes, in Hunga- 
ry, in Asia, &c., and in many springs in all parts of the world.^ There 
can be no doubt that the waters of such springs are fitted to promote the 
fertility^ especially of pasture land, to which they may be applied either 
by artificial irrigation, or by spontaneous overflow from natural outlets^. 
Some of the Harrowgate waters cxHitain a sensible; quantity. jo£ this bi- 
carbonate, and over a large portion of the Yorkshire coal-field, a bed of 
rock is found, at various depthst the springs from which hold in solution 
a considerable portion of this salt. The Holbeck water of Leeds^ ac- 
cording to Mr. West, owes itJi softness to the presence of this carbonate, 
and the water firom the coal-mines in the neighbourhood of Wakefield 
is occasionally so charged with it, as to form troublesome saline incrus- 
tations on the bottoms of the steam boilers: Where these waters occur 
in sufficient abundance, they should not be permitted to escape into the 
rivers, until they have^prevlOusly been empk>yed in irrigating the land. 

It has occasionally heen observed that natural springs in some locali- 
ties impart a degree of luxuriance to natural pasture, which is not to be 
accounted for by the mere effect of a constant supply of water. In 
such cases, the springs may be expected to contain some alkaline, or 
other mineral ingredient, which the soil is unablo to supply to the plants 
which grow upon it, either in sufficient abundance, or with sufficient 
rapidity. 

5°. Soda or Caustic Soda.-^Whea a solution of ihe common soda of 
the shops is boiled with quick-lime, Jt is deprived of its carbonic acid, 
and like the carbonate of potash (p. 187) is brought into the catutid state. 
In this state it destrc^ animal and vegetable substances, and, unless 
very dilute* is injurious to animal and vegetable life. 

When common salt (chloride of sodium) is mixed with quick'-lime in 
compost heaps, it is deprived by the lime of a portion^ of its chlorine, 
and is partially converted into this caustic soda. The action of the soda 
in this state is similar to that of daustic potash. Not only does it readi- 
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ly supply soda to the growing plant, to which soda is necessary, but it 
also acts upon certain other substances which the plants require, so as 
to render them soluble, and to facilitate iheir entrance into the roots of 
plants. To the presence of soda in this caustic state, the efficacy of 
such composts of common salt and lime in promoting vegetation, is in 
part to be ascribed. 

6^. Sodium is a soft metal of a silver white colour, and, like potassi- 
um, light enough to float upon water. It is obtained by heating caustic 
soda with a mixture of charcoal and iron filings. It takes fire upon 
water— though not so ifadily as potassinm*-and combines with its oxy- 
gen to form soda. In the metallic state it is not known to occur in na- 
ture, and, thereibre, does not directly act upon vegetation. With oxy- 
gtfn it Ibrms sodaf-i-widt chlorine, chloride of sodium (common salt),— 
and with sulphur, solphuret of sodium,— all of which, as already stated, 
are more or less benencial to vegetation. 

7^* Ph&sjAates of Soda-r^W hen the common soda of the shops is added 
to Ji solution of pbosphwic acid in water, till efiervescence ceases^ and 
the solution is evaporated to dryness, phosphate of soda is formed, and 
by the subsequent addition of as much more phosphoric acid-— fri-phos- 
phate. These salts occur more or less abundantly in the ash of nearly 
all plants; they are occasiooally also detected in the soil, and one or 
other of them is abuost always present in urine and other animal ma- 
nures< A» we know finom theory that these compounds must hie grate- 
ful to plants, we are justified in ascribing a portion oft he efficacy of animal 
manures, in promoting the growth of vegetables, to the presence of these 
^osphates, as well as to that of the phosphates of potaish (p. 190). 
They lure not known to occur in the mineral kingdom in any large quan- 
tity, neither are they articles of manufacture, hence their direct action 
upon vegetation has not hitherto been made the subject of separate ex- 
periment. 

Til.-— CALCIUM, lAMt, CA&BOHATE OF LIME, SULPHATE OF LIME, Vl- 
TRATE OF LIME, PHOSPHATES OF LIME, CHLORIDE OF CALCIUM, 8UL- 
PHURET OF CALCIUM. 

1°. Carbonate ^ Ltme.-*-Chalk, marble, and nearly all the lime- 
stones in common use, are varieties, more or less pure, of that com- 
pound of linie with carbonic acid which is known to chemists as car- 
bonate of lime. It occurs.of various colours and of various de^es of 
hardness, but in weight the compact varieties are very much alike, be- 
ing generally a little more than 2^ times (2^7) heavier than water. 
They all dissolve with efiervescence in dilute muriatic acid (spirit of 
•alt), and by the bubbles of gas which are seen to escape when a drop 
of tms acidis applied to them, limestones may in general be readily dis- 
tinguished fiiom other varieties of rock. They dissolve slowly aiso in 
water which holds carbonic acid in solution ; and hence the springs 
which issue from the neighbourhood of dejiosits of limestone are gene- 
rally charged in a high degree with this mineral substance. 

The value of this carbonate of lime in rendering a soil capable of pro- 
ducing and sustaining a luxuriant vegetation depends, in* part, it is tnie, 
on the necessity of a certain proportion of lime to the growth and full 
developementof the several parts of nearly all plants, but it performs also 
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olhar importaiit oflices, which we shall hereafter have occasion mora 
ftilly Co consider. 

2°. Idme or Quick'Ume.'^V/hen limestooe is burned along with coal 
or wood in kilns so constructed tliat a carrent of air can |>a8s freely thiouah 
.them, the carbonic acid is driven off, and the lime alone remains. In 
this state it is generally known by the name of burned or ^ute^-limet 
from its caustic qualities, and is found to have lost nearly 44 per cent, of 
its original weight. 

The most remarkable property of quick-ltme is its strong tendency to 
combine with water. This is displayed bv the ei^emess with which this 
liqnid is drunk in by the lime in the act of slaking, and by the great heat 
which is at the same time developed. Slaked lime is a compound of 
lime with water, and by chemisu is called a hydrate of lime* It con- 
tains 24 per cent, of its weight of water. 

The action of quick-lime upon the land is one of the most imporfant 
which presents itself to the observation of the practical agriculturist. 
Among other effects produced by it is that of hastening the decon^poat* 
tion of vegetable mtitter either in the soil or in compost heaps ; but this 
effect is materially promoted by— if it be not whdly dependent upon 
-**tfae presence of air and moisture. By this decomposition carbonic 
acid and other compound substances are produced, which the roots are 
capable of absorbing and converting into the food of plants. 

In this caustic state lime does not occur in nature, nor when exposed 
to the air does it long remain in this state. It gradually absorbs carbonic 
acid fiom the atmosphere, and is again converted into -carbonate. This 
change takes place more or less ra^ly in all cases where quick-lime is 
applKd to the land, but the benefits arising from borninir ihe lime do not 
disappear when it is thus reconverted into cai'bonate. On the contrary, 
the state of very fine powder, into which quick-lime foils on slaking, 
enables the carbonate of lime, subsequently formed, to be intermixed 
with the soil in a much more minute state of division than could be ob- 
tained by any mechanical means. This we shall hereafter see to be a 
most important foet, when we come to study in more detail the theory 
of the action of lime in the several states of combination, and utider the 
varied conditions in which it is employed for the purpose of improving 
the land. 

3^. Caldum is a silver-white metal, which, by ks union with ozygc^n, 
forms lime. It is not known to exist in nature m an uncombioed state, 
is prepared artificially only with great difficulty, and therefore ezerctaes 
no direct action on viBgetable growth* 

4^. Chloride of dcuciicm.— When chalk or quick-lime is dissolved ia 
mnriatic acid, a solution of chloride of calcium is obtained. This solu- 
tion occurs in sea- water, in the refuse (mother-liquor) of the salt-pans, 
aqd is allowed to flow away in large quantities as a waste from certain 
chemical works. I have elsewhere stated the effects it has been ob- 
served to produce upon vegetable growth, [see Appendix,] and have re* 
commended the propriety of making experiments with the view often* 
dering useful some of those materials which in our manufactories are 
now suffered largely to run to waste. 

5°, Sulphuret of Caleimm is a compound of sulphur and calciuns, 
which may be formed by heating together chalk and sulphur in a covered 
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crucible. It is aometimef producecl itx nature, where moist decay in| 
vegetable and animal matters are allowed to ferment in the presence of 
gvpsum ; it may sometimes also be detected in the soil, and in the waters 
of mineral springs, and is contained largely in the recent refuse heaps 
of the alkali works. Like the sulphurets of potassium and sodium, al- 
ready described, it is fitted, when judiciously applied, to promote the 
growth especially of those plants in which sulphur has been recognized 
as a necessary constituent. 

6°, Sulphate of Lime, orgypsuria,ls a well known white crystalline 
or earthy compound, which occurs as an abundant mineral deposit in 
numerous parts of the globe. It is present in many soils, is contained 
in the waters which percolate through such soils, and in those of springs 
which ascend from rocky beds in which gypsum exists, and is detect-^ 
ed in sensible proportions in the ashes of many cultivated plants. It 
is extensively enofployed in the arts, and in some countries not less ex- 
tensivety as a means of promoting the fertility of the land.'*[See Appen*^ 
dix, p. 1.] 

The gypsum of commerce contains nearly 21 per cent, of its weight 
of water, which it loses entirely on being exposed to a red heat. In 
some countries, a variety which is almost entirely free from water oc«> 
curs in rocky masses, and is distinguished by the name ofAnhydriie. 

Gypsum, when burned, has the property of being reduced with great 
ease mto the state of an impalpable powder. This powder, however, 
combines so readily with the 21 per cent, of water it had previously lost, 
that if it be mixed with water to the consistence of a paste so thin that it can 
be poured into a mould, it sets and hardens in a few minutes into a solid 
mass.' In this way burned gypsum is employed in making plaster casts 
and cornices. 

Burned gypsum consists of lime and sulphuric acid only-— in the pro- 
portions of 41i of the former, to 58i of the latter. Its use as a manure, 
therefore, will be specially to promote the growth of those plants by 
which tliesetwo substances are more abundantly required, and upon 
soils in which they are already present in comparatively small propor* 
tion. 

7°. Nitrate of Lime.— The production of nitrate of lime in artificial 
nitre-beds, on old walls, and on the sides of caves and cellars, especially 
in damp situations, has already been alluded to in Lecture VlIL, [p. 
161.] It may be formed artificially by dissolving common limestone in 
nitric acid, and evaporating the solution. It constitutes a ^ bite mass, 
which rapidly attracts water from the air, and runs to a liquid. It is 
produced naturally, and exists, as I believe, in soils containing lime, 
more commonly than has hitherto been suspected. Its extreme solubili- 
ty in water, however, renders it liable to be carried downwards into the 
lower portions of the soil by every shower of rain— or to be actually 
washed away, when long continued wet weather prevails. 

When heated to dull redness with vegetable matter, the nitrate of 
lime is decomposed, and is converted into carbonate, or when exposed 
alone to a bright red heat, the nitric acid is expelled, and quick-lime 
alone remains. Hence where it really exists in plants, it cannot be de- 
tected in the ash, — and when present in soils, it must be separated by 
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washing tbem in water, before they are exposed to a beat sufficient to 
bum away the organic matter they contain. 

The details already entered into in the preceding lecture (pp. 159 fo 
163) regarding the general action of nitric acid, in promoting the natural 
vegetation of the globe, render it unnecessary for me to dwell here on the 
special action of its compound with lime-— more particularly as the entire 
subject of the action of lime upon the land will hereafter demand from 
us a separate consideration. 

The nitrate of lime cannot, as yet, be fonped by art, at a sufficiently 
cheap rate to allow of its being manufaetured for the use of the agricol- 
turist. 

Phosphates of Zime.— -Lime combines with phosphoric acid in sev- 
eral proportions, forming as many different compounds. Of these by 
far the most important and abundant in nature, certainly the most use- 
ful to the agriculturist, is the earth of bones. It will be necessary, how- 
ever, to advert shortly to two others, with the existence of which it is 
important for us to be acquainted. 

A. Earth of Bones is the name given to the white earthy skeleton that 
remains when the bones of animals are burned in an open fire until 
every thing combustible has disappeared. This earthy matter xionsists 
chiefly of a peculiar phosphate of lime, composed of 51i per cent, of 
lime, and 48^ of phosphoric acid. This compound iexists ready formed 
in the bones of all animals, and is the substance selected in the economy 
of nature to impart to them their strength and solidity. It is found in 
smaller quantity in those of young animals, while they are soft, and 
cartilaginous,— and the softening of the bones, which in after-life occurs 
as the result of disease, is caused by the unnatural abstraction of a greater 
portion of this earthy matter than is replaced by the food. 

This earthy phosphate constitutes about 57 per cent, of the dried bones 
of the ox, is present in lesser quantity in the horns, hoofs and nails, and 
is never absent even from the flesh and blood of healthy animals. It 
exists in the seed of many plants, in all the varieties of grain which are 
extensively cultivated for food, and in the ashes of most common plants. 
The ashes orieguminous, cruciferous, and composite plants, are es- 
pecially rich in this compound. 

If we consider that when animals die, their bones are clliefly buried in 
the earth, and that over the entire globe, animal life, in one or other of 
its forms, prevails, we shall not be surprised that, in almost every soil, 
the earth of bones should be found to exist in greater or less abundance. 
Nor can we have any difficulty in conceiving, if such be the case, 
whence plants draw their constant and necessary supplies of this 
substance. 

At the. same time, it is true of this compound, as of all the others we 
have yet spoken of, as occurring in, and as necessary to the ^wih of, 
vegetables, — that some soils contain it in greater abundance than others, 
and that from some soils, therefore, certain plants will not readily obtain 
as much of this substance as they require. This is the natural principle 
on which the use of bone-dust as a manure chiefly depends. ' 

Hence of two marls both containing carbonate of lime, that will be 
most useful to the land which contains also, as many do, a notable por- 
tion of phosohate of lime; and of two limestones, Uiat will be preferred 
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k) an agrienhural district in which animal v^mante mbst aboood. I 
shall have occasion to illustrate this point more fnlly* when in a subse- 
qoeot lecture I conae to explain the natural origin of soils, and to trace 
meir chemical constituents to the several rocky masses from which they 
appeeur to have been derived. . 

Before dismissing this topic, however, there are one or two proper- ^ 
lies of this bone earth whicn are of practical importance, and to which, 
therefore, I must shortly request your attention. I-t is insoluble in water 
or in sc^utions of soda or potash, but it dissolves readily in acids, such as 
the nitric or muriatic, and also, though less easily and abundantly, in 
common vinegar. It e:t|sts in milk, and is supposed to be held in solu- 
tion by a peculiar acid found in this liquid, and which is distinguished by 
the name oi lactic add (acid of milk). 

It is slightly soluble also in a scdution of carbonic acid, and of certain 
other organic acids ^hich exist in the soiU and it is by means of ^ese 
acids that it is supposed to be rendered capable of entering into the roots 
e€ plants. Wherever vegetable matter exists^ and is undergoing decay 
in the scil, the water makes iu way to the roots more or less laden with 
earbonic acid, and thus is enaUed to bear along wiih it not only common 
carbonate of Kme, as has been shown in a previous lecture (p. 47), but 
also stich a portion of phosphate as may aid in supplying this necessary 
food to the growing plant.* 

In the bones of animals the phosphate is associated with animal gda- 
Hne<, which can be partially extracted by boiling bones in water under 
a h^ pressure. It has been observed, however, that the phosphate, 
when in a miniite state of division, is slightly soluble in a solution of 
gelatine^ and hence bones, from which the jelly has been partially ex- 
tracted by boiling, will be deprived of a cenain proportion of their earthy 
matter also. They will have lost their gelatine, however, in a greater 
proportion, and hence, if again thoroughly dritd, they will contain a 
larger per-centage of bone earth than when in their natural state. In 
this country, bones are seldom b6iled, I believe, either for the jelly they 
live, or as in France and Germany for the manufacture of glue, though 
m certain localities they are so treated in open vessels for the sake of the 
oil they are capable of yielding. Such boiled bones are said to act more' 
quickly when applied to the land, but to be less permanent in their ef- 
fects. This may be chiefly owing to their not being so perfectly dry as 
the utiboiled bones. Being thus mobt, they will contain, in the same 
w^ht, a comparatively smaller quantity both of the animal gelatine 

* If to a solution of bone earth In muriatic acid (spirit of salt)« liquid ammonia (harisborn) 
be added, the solution will become milky, and a white powder will fall, which is the earth 
of iMBes In an extremely tainote state of division. If this powder be waslied by repeated afiU< 
■lona of pure water, and be afterwards well shaken with water wtiich is saturated with car* 
bonic acid, or through which a current of this gas is made to pass, a sensible portion of the 
plMttphate Will be found to be taken up by the water. This will appear on decanting the 
.aolution and evaporating It to dryness, when a quantity of the wiiite powder will remain be* 
hind. The meanof 10 experiments made in this way gave me 30 grains for the quantity bf 
phosphate taken up by an imperial gallon of water. What takes place in this way in our 
bands, happens also in the soil. Not only does that which enters the root bear with it a por* 
Ue^ of ims compound where it exists in the soil, but the superabundant water also which 
runs otr the surtaee or sinks through to the drains, carries with it to the rivers in its course 
ft ctill laiger quantity of this soluble compound, and thus gradually lessens that supply df 
plioaphate which either exists naturaUy in the soU, or has been added as a manure by th« 
practteal agriouUitrist. 
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and of tbe earthy phosphate, while they will also be more susceptible of 
speedy decompositioo when buried in the soil.* 

Id solutions of common salt and of sal-ammoniac, the earth of bones 
is also slightly scduble, and cases may occur where the presence of 
these compounds in the soil may facilitate the conyeyance of the earthy 
phosphate into tbe roots of plants. 

B. Add or Bi-P^jp^te of Lime.— When burned bones are reduced 
to powder, and digested in sulphuric acid (oil of vitriol), diluted with 
once or twice its weieht of water, the acid combines with a portion of the 
Ume, and forms sulphate of lime (gypsum), while the remainder of the 
lime and the whole of the phosphoric acid are dissolved. The solution, 
therefore, contains an add phosphate of lime, or one in which the phos- 
phoric acid exists, in much larger Quantity than in the earth of bones. 
The true bi-phosphate, when freetrom water, consists of 71 i of phos- 
phoric acid, and 28i of lime. It exists in the urine of most animals, and 
IS therefore an important constituent of liquid manures of animal origin. 

If the mixture of gypsum and acid phosphate, above described, be 
largely diluted with water, it will form a most valuable liquid manure, 
especially for grass land, and for crops of rising com. In this liquid 
state, the phosphoric acid will diffuse itself easily and perfectly through- 
out the soil, and there will speedily lose its acid character by combining 
with one or other of the hasui\ substances, almost always present in 
every variety of land. 

Or if to tbe solution, before it is applied to the land, a quantity of peari- 
ash be added until it begin to turn milky, a mixture of the phosphates 
with the sulphates of lime and of potash will be obtained, or— if soda be 
added insteaul of potash— of the phosphates with the sulphates of lime 
and of soda ; either of which mixtures will be still more efficacious 
upon the land, than the solution of the acid phosphates alone. 

Or to the solution of bones in the acid, the potash or soda may be added 
without further dilution, and the wliole then dried up by the addition of 
charcoal powder, or even of vegetable mould, till it is in a sufficiently 
dry state to be scattered with the hand as a top-dressing, or buried in 
the land by means of a drill. 

' I have above alluded to the employment of bones in France and Oer- 
many, for the manufacture of glue. For this purpose the broken bones 
are digested in weak muriatic acid, by which the earthy matter is dis- 
solved, and the gelatine lefl behind. The gelatinous skeleton is boilcMd 
down for glue, and the solution of the bone earth is thrown away. This 
solution contains a mixture of the add phosphate of lime with chloride 
of calcium, — ^and roightH)e used up in any of the w^ys above described, 
with manifest benefit to the land. The glue prepared by this method, 
however, is said to be inferior in quality, and as the process is not adopt- 
ed in this country, the opportunity of making an economical application 
of this waste material is not likely to be often presented to the English* 
farmer. 

' The relatiTe value ofenisbed boaes in these two etatea, is indicated by tbe price of tbe 
unboiled being aboat 7 guioeaa, while that of boiled is onlj aboat4 guineaa a ton. 

t This word baa already been uaed and explained— it is applied to potash, toda, ammonia, 
lime, magnesia, and other sabstances, which have the property of combining with acids (snl- 
pburic, nitric, ^.) and of thus neutralizing them, or depriving them of their aeld quaUtiee 
and effects. ^ 
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C. NaHve Phofpkaie of Lime or Apatite.'-^ln some parts of the world, 
a hard mioeral substance, commonly known by the name of Apatite, 
occars in considerable quantity. It consists chiefly of a phosphate of 
lime, which differs but slightly in its constitution from the earth of bones, 
^-containing 54^ per cent, of lime, while the latter contains only 51| per 
cent. The composition of this mineral would lead us to expect it to 
possess a favourable action upon vegetation, and this anticipation has 
been confirmed by some experiments made with it on a limited scale by 
Sprengel.— [CAmt«, I., p. 61.] ^ 

It occurs occasionally in mineral veins, especially such as are found 
in the granitic and slate rocks. Masses of it are rnet with in Cumber- 
land, in Cornwall, in Finland, in the iron mines of Arendahl in Nor- 
way, and in many other localities. A variety of it distinffuished by the 
name of phospfujnte is said to form beds at Schlachenwalde in Bohemia, 
and in the province of Estremadura in Spain. From the last of these 
localities being the most accessible, the time may come when the hieh 
price of bones may induce our enterprising merchants to import it, for 
the purpose of being employed in a finely powdered state as a fertilizer 
of the land. 
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LECTURE X. 

iBoritaio etonstUuents ofpUntt coiiCla«64.--lfit8iiMiik AkimiiM, SiUta, «iid the OsidM •€ 
Iron and Manganew.— "n^ukr view of the conaUtatioD of the Inorganic sobalancca da- 
■crlbed-^ProportioiM lH whieh Iheaa aewnl anbatancea are found in ttae plante edbi^ted 
for food.— Extent to which theae planta ezhauat the aoU of taioitaiiie ▼afetablefood.—flliM 
in which the inoi^pmic elementa exiat in planta. 

§ 1. Inorganic conatituenU ofplanU canHnuicL 

▼lit. — ^MA«VI»tirM, MAeNESIA, CARBONATE, SULPnATE, NITRATE, AND 
Pao&PHATE dp MAGNESIA, CHI'ORIDE OP HAONESIUM. 

l^. Carbonate of Magnesia is a tasteless earthy coropouDd, which in 
some parts of the world forms rocky masses atid veins of consideraUe 
height and thickness. It occurs more largely, however, in connection 
Mrith carbonate of lime in the magnesian limestones, so well known ia 
the eastern apd northern parts of England, — and in similar rocks, dis- 
tinguished by the name of dolomites or of dolomitic limestones, in va« 
rious countries of Europe. The pure, exceedingly light, white magne- 
sia of the shops, is partly extracted from the magnesian limestone, and 
partly from the mother liquor of the salt pans, which generally contains 
much magnesia. 

When pure and dr^, carbonate of magnesia consists of 434 of magne- 
sia, and 51 f of carbonic acid. It dissolves readily in diluted acids (sul- 
phuric, muriatic, and acetic,) the carbonic acid at the same time esca- 
ping with effervescence. 

Existing as it does in many solid rocks, this carbonate of magnesia 
may be expected to be present in the soil, and it is found in the ashes of 
many plants. Of the ashes of some parts of plants it constitutes one- 
sixth of the entire weight. 

When exposed to the air in a finely divided state, it gradually absorbs 
a quantity ofmoisture from the atmosphere, equal to two-thirds of its 
own weight. In this state, it dissolves in 48 times its weight of water, 
though, when ^ry, it is nearly Insoluble. Like carbonate of lime it is 
also soluble in water impregnated with carbonic acid, but in a some- 
what greater degree. In this state of solution it may be readily carried 
into the roots, and be the means of supplying to the parts of living ve* 
getables a portion of that magnesia which is necessary to their perfect 
growth. 

Soils containing much of this carbonate of magnesia are said to be 
highly absorbent ofmoisture, and to this cause is ascribed \h%.coldness of 
such soils. — [Sprengel, Cketnie, I., p. 645.] This opinion is, however, 
open to doubt. 

2°. Magnesia or CausOe Magnesia, the calcined magnesia of (ke 
«Aop«.— -When the carbonate of magnesia is heated to redness in the 
open air, it parts with its carbonic acid much more readily than lime 
does, and is brought into the state of pure or caustic magnesia. In this 
state it does not occur io nature, but it is- occasionally met with in com- 
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Kination with about 30 per cent, of water. When magnesian lime- 
stones or dolonoiites are burned, the quick-lime obtained often eontains 
caustic magnesia also in considerable quantity. This mixture is fre- 
quently applied to the land, and, as is well knowu in man^r parts of 
England, with injurious effects, if laid on in too large quikntities. The 
cause of this hot or burning nature, as it is called, of magnesian lime, is 
not very satisfactorily ascertained. I shall, however, state two or three 
facts, which may assist in conducting us to th6 irue cause. ^ 

^ 1°. Quick-Ume dis^ves in 750 times its weight of water, at the or- 
dioary temperature of the atoiosphere, while pure magnesial requires 
514*^ timeii its weighty The magnesia, therefore, is not likely to injure 
living plants directly by entering into their roots in its causHc state, since 

r lime which is seven times more soluble produces no injurious effect. 

2°. It seems to be the result of experience, that magnesia in the stare 

of carbona^ is but sightly injurious to the land ; some deny that in this 

state it has any injurious efiect at all. This I fear is doubtful ; we may 

infer, however, with some degree of probability, that it' is from seme 

: property possessed by magnesia in the caustic state, and not possessed. 

I or at least in an equal degree, either by quick-lime or by carbonate of 

I magnesia, that its evil influence is c^i«/i^ to be ascribed. 

3°. When exposed to the air, quick-lime speedily absorbs water and 
carbonic acid from the air, forming first a hydrate* in fine powder, and 
then a carbonate. Caustic magnesia absorbs both of these more slowly 
than lime does, and in the presence of the latter, or when tnixed with it, 
must absorb 4hem more slowly still, since the time will seize on the 
greater portion of the moisture and carbcmic acid which exists in the air, 
immediately surrouocKhg both. When slaked in-^the air also, the lime 
may oe transformed in great part itito carbonate, while the magnesia 
still remains in the state of hydrate, and it is a property of this hydrate 
to attract carbonic acid more feebly and slowly* even than the newly 
burned magnesia as it comes from the kiln. Hence when buried in the 
s(h1, aAer the lime has become nearly all transformed into carbonate, the 
maenesia may s^ill be all either in the dry caustic state, or in that of a 
hydrate only. 

4^. Now there exist in the soil, and probably are exuded from the 
living rootSt various add substances, both of organic and of inorganic 
origin, which it is one of the functions of lime, when applied to the land, 
to conibine with and render innoxious* But these acid compounds unite 
rather with the^ caustic magnesia, than with the lime which is already 
iQ,coxtibination with carbonic acid— and form salU^] which generally are 
muck mart soluble m %D<Uer thaa the con^)ound8 of lime with the same 
acids. Hence the water that goes to the roots reaches them more or 
less loaded with magnesian salts, and carries into the vegetable circula- 
tion more . magnesia than is consistent with the healthy growth of the 
plant. 

It is ha^rdous to reason from the phenomena of animal to those of 

«/Comp<]undg of milMtances wtft water are called h\fdraU» (from the Greek word for wa- 
lor.) Thna slaked lime, a eompoond o( lime with water, la called hydrate qfUme—wad the 
native compoaad of mameaia with water) alluded to la the text, ia called hydnOe of mag- 

t Compovoda of Um ^mami-^xmAk^ aoda, lime, maoieala, *c.,-H*llh addii,--flaIphorlc, 
miriatie, nUric, aeede (or vinegar), *c.,--«rtt called kuU. 
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vegetable phynolocy, yet if lime and niagneeia have the power of dif- 
ferently a&cting £e animal economy, why may they not also very 
differently affect the vegetable economy ? And since m the same cir- 
cumstances, and in combination with the substances they meet with 
in the same soils, magnesia is capable of entering more largely into 
a plant by its roots— may not magnesia be considered capable^ of poi- 
soning a plant, when lime in the same condition would only improve 
the soil? 

I have said that it niay be doubted whether magnema in the state of 
carbonate is wholly unhurtful to the land. This doubt rests on the fact 
that the magnesia retains its carbonic acid more feebly than lime does 
«-and therefore its carbonate is the more easily decomposecl when an 
acid body comes in contact with both. Though, therefore, the mag- 
nesian carbonate will not la^ hold of all acid matter so readily and surely 
as caustic magnesia may, siill occasions may occur where acid matters 
being abundant in the soil, so much carbonate of magnesia may be de- 
composed and dissolved as to render the water absorbed by its roots 
destructive to the health or life of a plant. 

In reference to this point, however, it must be distinctly understood, 
that maenesia is one of the kinds of inorganic food most necesaary to 
plants, tliat a certain qnantity of it in the soil is absolutely necessary to 
the growth of nearly all cultivated plants, and that it is only when it is 
conveyed to the roots in too large a quantity, that It proves injurious to 
vegetable life. 

5°. Magnesium is the metallic basis of magnesia. Little is known 
of its properties, owing to the difficulty of preparing it in any consider- 
able quantity (or the purpose of experiment. It is a white metal, which, 
when heated in the air, takes fire and burns, combining with the oxygen 
of the atmosphere, and forming magnesia. It is not known to occur in 
nature in an elementary form, and therefore is ixM supposed directly to 
influence ve^^etation. 

6°. Chloride of Magnesiun^-^^When calcined or carbonated ma^e- 
sia is dissolved in muriatic acid, and the solution evaporated to dryness, 
a white mass is obtained which is SLcfdorideofnuignesiun^ consistmg of 
magnesium and chlorine only. This compound occurs not unfrequentiy 
in the soil, associated with chloride of calcium.^ It is met with also in 
the ash of plants, while in sea water, and in that of some salt lakcis, it 
exists in very considerable (piantity. Thus 100 parts of the- water of 
the Atlantic have been found to contain 3i of chloride of magnesium, 
while that of the Dead Sea yields about 24 parts of this compound.* 
Hence it is present in great abundance in the mother liquor of the salt 
pans, and it }b from the refuse chloride in this liquor that the magnesia 
of the shops, as above stated, is frequently prepared. 

The chloride of magnesium has not hitherto been made the subject of 
direct experiment as a fertilizer of the land. From tlie fact, however, 
that plants require much magnesia and some chlorine, there is reason to 
believe that, if cautiously applied, it might prove beneficial in someacnls, 
and especially to grain crops. Its extreme solubility in water, however, 
suggests the use of caution in iu application. The safest method is to 

* 100 puts of the wHMT of the DcmI Am eonuia alao About 101 of eldoride of caltiuaL 
fend nearlx 8 of common mU. 
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dissolve it in a large quantity of water, and to apply it to the yonpg 
plant by means of a water-cart. In this way the refuse of the salt 
works might, in some localities, be made available to useful pi|rposes. 

The chloride of magnesium is decomposed both by qi^ick-hme and by 
clirbonate of lime ; hence when applied to a soil containing lime in 
either of these states, chloride of calcium and caustic or carbonated mag- 
nesia will be produced. 

7°. Nitrate of Magnesia is formed by dissolving carbonate of magne- 
sia in nitric acid, and evaporating the solution. It attracts moisture from 
the air with great rapidity, and runs into a liquid. It is probably formed 
naturally in soils containing magnesia, in the same way as nitrate of 
lime is known to be produced in soils containing lime. [See Lecture 
VIII., p. 159.] No direct experiments have yet been made as to its 
efiects upon vegetation ; but there can be no doubt that it would prove 
highly beneficial, could it be procured at a sufficiently cheap rate to ad- 
mit of its economical application to the land. 

8°. Sulphate of Magnesia^^ihe coipmon Epsom salts of the shops- 
is formed by dissolving carbonate of magnesia in diluted sulphuric acid. 
It exists in nearly all soils which are formed from, or are situated in, 
the neighbourhood of rocks containing magnesia. In some soils it is so 
abundant that in dry weather it forms a white efflorescence on the sur- 
face. This has been observed to take place in Bohemia, Hungary, and 
parts of Germany, and it may be frequently seen in warm summer 
leather in the neighbourhood of Durham.* 

This salt has been found by Sprengel to act upon vegetation precisely 
in the same way as gypsum does, and on the same kind of plants. It 
must be used, however, in smaller quantity, owing to its great solubili- 
ty. Its higher price-will prevent its ever being substituted for gypsum, 
as a top-dressing for clover, &c., but it is worth the trial, whether corn 
plants, the grain of which contains much magnesia, might not be bene- 
fitted by the application of a small quantity of this sulphate— along with 
such other substances as are capable of yielding the remaining constit- 
uents which compose the inorganic matter of the grain. Its price is not 
too high to admit of this more restricted application. f 

9^. Phosphate o/*Jlfag7ie«ia.— Magnesia exists in combination with 
phosphoric acid, in the solids and fluids of all animals, though not so 
abundantly as the phosphates of lime. In most soils phosphate of mag- 
nesia is probable present in minute quantity, since in the ashes of some 
varieties of grain it is found in very considerable proportion. 

Its action upon vegetation has never been tried directly, but as it 
exists in urine, and in most animal manures, a portion of their efficacy 
may. be due to its presence. In turf ashes, which often prove a valua- 
ble manure, it is sometimes met with in appreciable quantity, and their 
beneficial operation in such cases has been attributed in part to the agen- 
cy of this phosphate^ 

' It oeeuioDalhr coU^cts beneath the phuiter of old walls in Darham< In one of the lower 
rooms of the ola Exchequer baildiogs, I found it forming an extensive layer nearlT half an 
iach thick, beneath the damp plaster. The magnesia is derived from the magnesian limo- 
•tone, used both for mortar ana for building stone. 

t Its price in Newcastle in the state of crystals, is about lOs. a ewt. The impure salt col- 
lected at the alum worics on the YoriKshire co>Mt, might be obtained, I should suppose, ibr 
little more tlMMD^ half this price. ^ ■ 
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»Z.-»ALUin£riUM, ALUMINA, 9tTLPHATE AND PHOSPHATE OF 
ALUMlltA— ALUM. 

1^. Aluminium is another of those rare and little known metaU, the 
existence of which was established by Sir U. Davy. In combination 
with oxygen it forms alumina^ and in this state it exists in such abun- 
dance ra nature, as to form a large portion of the entire crust of the 
globe. 

2^. Alumina^ (kt earth of Alum. — ^When common alum is dissolved 
in water, and a solution of carbonate of soda or of ammonia is added to 
it, a bulky white powder falls, which, whep collected on a filter, well 
washed and dried, is nearly pure alumina. This substance occurs on 
the surface of the earth in a pure state only in some rare minerals, such 
as the corundum, the sapphire, and the ruby,— -but it constitutes a large 
proportion of all the slaty and shaley rocks. It is the principal in^^ 
dient also of all clays (pipe-clay for example) and clayey soils, which 
increase in tenacity in proportion to the quantity of alumina they contain. 

When pure, it is a white tasteless earthy substance, which adheres to 
the tongue, has a density of 2*00, and is insoluble in water, but dissolves 
readily in caustic potash and soda and in most acids, at least when new- 
ly thrown down from a solution of alum. When heated to redneas, 
however, it becomes hard and dense, as in burned clay and fire bricks, 
and can then only be dissolved with extreme difficultv, even by the 
strongest acids. Though it exists so largely in the sou, it contnbutes 
but little in a direct manner to the nourishment of plants. The ash they 
leave contains in general but a very small per-centage of alumina, as 
will more clearly appear hereafter,— the principal agency, therefore, of 
this ingredient of the soil is most probably of an indirect, perhaps of a 
mechanical kind. 

It has been stated in a preceding Lecture (p. 23), that charcoal ha^ 
the property of absorbing gaseous substances, such as ammonia, from 
the atmosphere, and that the action of charcoal powder, in promoting 
vegetation, has been in a great measure ascribed to this property. The 
same property, we have also seen (p. 136), is ascribed to gypsum* and 
hence iu fertilizing action has been explained in a similar way. Alum- 
ina is said to be equally absorbent of ammonia ; and the use of burned 
clay as a top-dressins, so stron&ly recommended by General Beat8on« 
[New System of CtuUvation^ London, 1820,] is ascribed to its power 
of abstracting ammonia from the air, and fixing it in the soil ready to be 
conveyed by the rains to the roots of the plants that grow upon it [Lieb^g, 
p. 90.] It has been already shown (p. 136,) that this mode of ac- 
counting for the action of gypsum is not satisfactory as a stde cause— in 
the case of alumina, the fact of its absorbing ammonia is hypothetical,* 
and therefore the explanation founded upon this fact is not to be impli- 
citly relied upon. 

3^. Sulphate of X^ununa.— When alumina is digested in diluted aul- 

B«e«Me ekVB of many tu1«tl«t— pfpe-clay for exampld— eontmin tnieea of aannonift. 
wbich they e/ywre wbon moistened with a aolatloa of caaatic pota8h,»^lt Is Inferred Oiat 
tbejr have absorbed this amnionla ftom Uie atmosp)\ere. The same Inference is drawn' 
from the ftet of its presence in oxide of Iron.— (Llebig's Orgame Chemiatry applied to Agri- 
cufttirf, p. 89.}— In neltber case doee Uie inferanee appear to me to be neesMury. Much of 
the amnumla nay hare been fenned in the soil, diiiinc the oJridatioa of the Ironliself. or 
daring the deeay of vegetable and animal sobstances.— ^e above, Iteetura yyi., p. 168. 
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phuric acid, it readily disaolves, and forms a solution of sulphate of 
alumina^ This solution is characterized by a remarkable and almost 
pecqliar sweetish astringent taste. When evaporated to dryness it yields 
a white «alt, which dissolves in twice its weighs of water only, and when 
exposed to the air, attracts moisture rapidly, and spontaneously runs to 
a liquid.. This salt exists in some soils, especially in those of wet, 
marshy, and peaty lands. 

^ No experiments have yet been made with the view of determining its 
direct influence upon vegetation. , ^ 

4°. Phosphates of Alumina,'^ln combination with phosphoric acid, 
alumina forms one compound well known to mineralogists, by the name 
ofwavefUU. This niineral, however, occurs in too small quantity to be 
an object of interest to the agriculturist. . 

.- Phosphoric acid is disseminated in some form or other throughout our 
clayey soils, though in very small and varial)le quantity. It is most 
{)robable that in these soils a portion of the acid at least is in combina* 
tioQ with the alumina in the state of phosphate. One of the most diffir 
cult problems in analytical chemistry is to effect a perfect separation of a 
small proportion of phosphoric acid from alumina, and rigorously to esti- 
mate its quantity ; hence in the ^eater part of the analyses of soils hitherto 
published, thi» most important ingredient in a fertile soil (the phosphoric 
acid), when ip combination with, or in presence of alumina, has either 
been altogetlier neglected, or rudely guessed at, or indicated by a rough 
approximation only. We have no direct proof, therefore, of the extent 
to wiiich the phosphates of alumina exist in diflerent soils. 

5^. Mum. — The common alum of tl^e shops owes its well known 
sweetish ustriagent taste to the presence of the above sulphate of alumi- 
na. It connsts in 100 parts of about 40 of sulphj|ite of alumina, 14} of 
potash, [described p. 189,] and 45^ of water. Alum is formed naturally 
on many parts of the earth*s surface, especially as an efflorescence on 
certain SQils, and on some rocks when exposed to the air, — as en the 
alum shales of the Yorkshire coast. It is largely manufactured by cal- 
cining, and aflerwards washing these alum shales. 

Alum has not been extensively tried as a manure. Its composition, 
however, would lead us to expect it to exert a beneficial influence on tho 
growth' of many plants— while the price, especially of the less pure va- 
rieties; is siich as to admit of its being applied to the land at a compara- 
tively small cost. From some experiments made on a small scale, 
Spi«n^el considers it highly worthy the attention of the practical agri- 
cnltohst. * 

X.— SIRICA, SlLICOfir, SlUCATCS OF POTASH, OF SODA, OF LIME, OF 
MAONESiA, AND OF ALUMINA. 

1^. 5iZica.— The chief ingredient in all sand-stones and in neariy all 
sands and sandy soils, is known to chemists by^the name of silica. Flints 
are neatly pure silex or silica<*"eommon quartz rock is another form of 
the same substance — ^while the colourless and more or less transparent 
varieties of rock crystal and chalcedony present it in a state of almost 
perfiect purity. It exists abundantly in almost all soils, constituting 
what }& called their siliceous portion, and is found in the ashes of all 
plants without exception, but especially in those of the grasses, Silica 
18 
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is wilboiH colour^ taste, pr smell, spd cannot be melted by the strongest 
beat. ^ it occurs in the mineral kingdom — in the state of flint, of 
quartz, or of sand — ^it is perfectly insoluble in pure water, either cold or 
hot, does not dissolve in acid and very slowly in alkaline solutions. 
'When mixed with potash, soda, or lime^ anfl heated in a crucible to a 
liigh temperature, it melu and forms a glass. Window and plate glass 
consists chiefly of silica, lime, and soda, Jlint glass contains litharge 
[oxide of lead] in place of the lime. But though the various forms of 
more or less pure silica', which ate met with in the mineral kingdom, 
are absolutely insoluble in water, yet it sometimes occurs in nature, and 
can readily be prepared in a state in which pure water, and even acid 
solutions, will take it up in considerable quantity. In this state it may 
be obtained by reducing crown-glass to a fine powder, and digesdng it 
1q strong muriatic acid, pr by melting quartz sand in a large quantity of 
potash or soda, and afterwards tieating the glass that is formed with dip- 
luted mqriatic acid. 

Silica is one of the most abundant substances in nature, and in com- 
bination with potash, soda, lime, magnesia, and alnmina, it. forms a 
large portion of all the so-called crystalline (granitic, basaltic, &c.) 
rocks. The compouuds of silica, with these bases, are called siiiecUes. 
jBy the action of the air, and other causes, these silicates under^ decom- 
position, as glass does when digested with muriatic acjd, and the silica 
IS separated in the soluble state. Hence its presence in considerable 
quantity in the waters of many mineral and especially hot mineral 
springs, and in appreciable proportion in nearly all waters that rise from 
aqy considerable depth beneath the surface, or have made their way 
through any considerable extent of soil. 

In the substance of living vegetables it exists, for the most part, in 
this state of combination — as well as in the form pf an extr* mely deli- 
cate tissue, of which the fibres are exceedingly minute, and therefore 
expose a large surface to the action of any decomposing agetit, or of any 
liquid capable of dissolving it. In the compost heaps these silicates 
undergo decompositirn,— and the more readily the less they have been 
previously dried, or the greener they are,— and the silica or the plaint is 
liberated in a soluble state. Whether or not, when thus liberated, it 
will be carried, urux)mhinedf into the roots of the plants by the water 
they absorb, will depend upon the quantity of potash or soda in the 
compost or in the soil, and upon other circumstances hereafter to be 
explained. i 

2**» Silicon is known only in the state of a dark brown powder, which 
has not as yet been met with in nature in an elementary form, and is 
prepared by the chemist with considerable dtfiScuky. \Vben healed in ^ 
the air, or m oxygen gas, it burns, combines with oxygen, and is con- t 
verted into silica. Silica, therefore, in its various forms, is a cbm^iound ^ 
of silicon with oxygen. It consists of 48 per cent, of the former, and 52 |l 
per cent, of the latter. ",! 

3®. StlicaUs of Potash and 5orfa.— When finely powdered quartz, 
flint, or sand, is mixed with from one-half to three times its weight of 
dry carb«)nate of ipotash pr soda, apd exposed to a strong heat in a cruci- 
ble, it readily unites with the jMjtash or soda, and fc»rms a glass. This 
glass is a sUitate or a ni}xmre pf t^^o qr iporp silicqtes of potash or soda. 
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•Silica combines with these ixlkaUes^ Id various proportions. If it be' 
melted with much potash, the glass obtained will be readily soluble in 
water; if with little, the silicate which is formed will resist the action 
of water for any length of time. Window and plate-glass contain 
iniich silicate of potash or soda. A lar|iO quantity of alkali renders 
these varieties of glass more fusible and more easily worked, but at the 
same time makes them ipore susceptible of corrosion or tarnish by the 
fiction of the air. 

The insoluble silicates of potash and soda eitistalso in many mineral 
substances. In the felspar and mica, of which granite in a ereat mea* 
sure consists, they are present in considerable quantity. The former 
(felspar) contains one-third of its weight of an insoluble silidate of potash* 
consisting of nearly equal weights of potash and silica. In the variety 
called Mite or cUavdandite, silicate of soda alond is found, while in 
some other varieties a mixture of both silicates is present. In micaiiom 
12 to 20 per cent, of the same silicate of potash occurs, but soda can 
rarely 1)6 detected.in this mineral. The trap*roeks also (whih, basalt, 
green-stone), so abundant in many parts of our island, consist almost 
entirely o( nlicates. Among these, however, the silicates of potash and 
sodil rarely exceed 5 or 6 per cent, of the whole weight of the rock, and 
are often entirely absent* ^ * 

These insoluble silicates also exist in the stems Bnd leaves of nearly 
all plants. They are abundant in the stems of the grasses, especially 
in the straw of the cultivated grains, andjbrm a large proportion of the 
ash which is left when these stems are burned [p. 178.] 
.It is important to the agriculturist to understand the relation which 
the carboniQ acid of the atmtispbere bears to these alkaline silicates which 
occur in the mineral and vegetable kingdom. Insoluble as they are in 
water, they are slowly decomposed by the united acrion of the moisture 
I apd carbonic acid of the air, the lauer taking the potash or soda from the 
I silica, and forming carbonates of these bases. In consequence of this 
decomposition the rock disintegrates i^nd crumbles down, whil6 the so-, 
liable carboujate is washed down by the rains^ or misis, and is borne to - 
the lower grpunds to enripb the alluvial and other soils, or is carried by - 
the rivers to the sea. 
i " In some cases, as in the softer felspar of some of the Cornish granites, 
I this decomposition is comparatively rapid, in others, as in the Dartmoor 
1 and many of the Scottish granites, it is exceedingly slow, — but in all 
cases the rock crumbles to powder long before the wliole of the silicates 
i are decomposed^ so that potash and soda are always present in giteater : 
] €«c less quantity in granitic ^ils, and will continue to be sepai:ated from - 
i rhe decaying (ragmenu of rock for an indeflnife period of time. 
r But the silica of the feinpar, or mica, or zeoliticf trap, when thusde- 

I prlved of the potash with which it was cornbined, is in that peculiar state, 
in which, as above described [p. 206], it is capable of being dissolved 
in small quantity by pure water, and more largely by a solution of 
t carboaate of potash or soda. Hence the same rains or mists which dis- 

* Potash, aoda, and ammonU are called aikaiim; lime and magaeeia are ofkaline eartkt. 
I SeeLecturellL, p. 61,no/e. 

I t The trap-rocks always more or less abound tn zeoUtic minerals, of which there la a great 

, variety, andin which nearty aU the alkaU preaeiii in these (trap) rocks is eontained. - 



S08 81UCATS8 or UMS Itl THB TEAP-ftOCKS. 

solve the alkaline carbonates so slowly formed, take up also a portion of 
the silica, and convey it in a state of solution to the soils or to the riven. 
Thus, with the exception of the. dews and rains which fall directly from 
the heavens, few of the snppUes of water by which plants are refreshed 
and fedf ever leach their roots entirely free from silica, in a form in 
which it can readily enter into their roots, and be appropriated to their 
Donrishment. 

In the farm-yard and the compost-bea]:^, where vegetable matters are 
undergoing decomposition, the silicates they contain undergo similar de- 
cOmpo^tions, and, by similar chemical changes their silica is rendered 
soluble, and thus fitted, when mixed with the soil, again to minister to 
the wants and to aid the growth of new races of living vegetables. 

4°. SUUcUea of Lime.^^X mixture of sand or flint with quick-lime 
readily melts and forms a glassy silicate or a mixture of two or more 
silicates of lime. These silicates are also present in large quantity in 
window and plate-glass, and in some of the crystalline* (granite and 
trap) rocks. In felspar and mica, which abound, as we have seen, in 
the alkaline silicates, it is rare that any lime can be detected. In that 
variety of granite, however, to which thie name of svenite is given by 
mineralogists, homhlende takes the place o^tnica, and some varieties of 
this hornl)lende contain from 20 to 35 per cent, of silicate of lime. This 
silicate (containing 38 per cent, of lime) is almost always present in the 
basaltic and trap-rocks, and sometimes, as in the augiticf traps, in a 
proportion much larger than that in which it exists in the uiunixed horn- * 
blende. To this fact we shall have occasion to revert when we come 
to consider the relative fertility of diiferent soils and the causes on which 
the difference of their several productive powers most probably depends. 

Silicates of lime are also found in the ash, and probablyl exist iu the 
living stenoL and leaves of plants. 

Like the similar compounds of pOtash and soda, the silicates of lime 
are slowly decomposed by the uAited agency of the mdstnre and the 
carbonic acid of the atmosphere. Car^mate of licpe- is formed, and 
silica is set at liberty. This carbonate of lime dissolves in the rains or 
dews which- descend loaded with carbonic acid, [see page 46,] and the 
same waters take up also a portion of the soluble silica and diffuse both 
substances uniformly through the soil in ^bich the decomposition takes 
place, or bear them from the higher grouildd'.to the rivers and plains. 
The sparins but constant and long-continued supply of lime thus af- 
forded to soils which rest upon decayed trap, or which are wholly made 
up of Gotten rock, has a material influence upon their ivell-known agri- 
cultural capabilities. 

5^. Silicates of Magnesia, — In combinatioti "v^ith magnesia in differ- 
ent proportions, silica forms nearly the entire mass of those common 
minerals known by the names of serpentine and talc. In hornblende 
also and augite, silicates of magnesia exist in considerable quantity. 

* Bo called beouue the miaenlt of which they eoncUt are genenll/ icif drytfalKmi slate. 

t Rocka of wbieh the mineral caUed ou^'te fonna a more or leas cooaiderable pait. 

} I aaj probabfy, becaoae if uneombined allica be preaent In hay or atiuw alooK with «a^ 
faonate or oxalate of lime, the heat employed in completely buminf away the oifablc matter 
may be aujIlcieBt to eaua^ the lime and aOica to unite and form a aiUcaee wMek wltt sll» 
warda be feimd la the aah, though none praTloualy eitated in the item. 
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Tliey mast, therefere^ be present hi gi^^ or leae quantity' hi soite 
viiicb are dtt6ctly forokcd mki the deeDioposition (if sueh^ roeke. Lik^ 
the silicates of lime, howeTer— tbouj^fh lOore slowly than these-^tbey 
will undergo gradnal decoinposition by the action of the carbonic adid 
of the atmosphere, and of the acids produced in the soil by vegetation 
«od by the decay of organic matter. The magnesia^ like the lime, will 
thus be gradually brought down^ in a state of solution (p. 200), from the 
higher grounds, or wa^ied out of the eoil« till at length it may wholly 
disappear from any given 8]X)t.* 

6^. Silicates o/Mumina»^SiXicB. combines* with alumina also in van-' 
oufl proportions^ forming silicates, which exist abundantly in nature in 
the crystalline rocks, and may also, like the other silicates, be formed 
by art. Felspar, mica, hornblende, and the angites, which abound in 
the trap-rocks, all contain much alumina in combination with silica, and 
we shall probably not be very far from the truth in assuming that up* 
wards of one-half by weight of the trap-rocks in general—as weU aa of 
the hornblendes, micas, an4 felspars, of which so large a part of the 
granitic rocks is composed*— consists of silicates of alumina. The alu« 
Biina itself in these several minerals varies from 11 to 38 per cent., but 
generally averages about 20 per cent, of their entire weight. 

These silicates, when they occur alone, unmixed or uncombined with 
c»lhex silicates, decompose very slowly by the action of the atmosphere. 
They disintegrate, however, and fall to powder, when the alkaline nli- 
cates with which they are associated in felspar, &c., are decomposed and 
removed by atmospheric causes. In this way the deposits of porcelain 
clay, so common in Cornwall and in other countries, have been pro- 
duced from the disintegration of the felspathic rocks, and the clayey soila 
which occur in granite iUstricts have not unfrequently had a similar oHgia. 

AVhen contained in the soil, the siticatee of alumina undergo a slow 
decomposition from the action of the various acid substances to which they 
are exposed. A portion of their alumina is dissolved and separated by 
these acids, and in this soluble state is either conveyed to the roots of 
plants or. is washed from the soil by^ rains-— or by the waters that 
arise from beneath. 

The ash of plants contains only a very small proportion of alumina^ 
yet even this small quantity they cannot derive from the silicates of this 
substance, since these are all insoluble in water— as alumina itself is. 
They obtain it, therefore, from some of those soluble compoudds of alu« 
mina of which I have spoken as being either occasionally pteatiat (pp« 
5^-5), or as being naturally formed in the soil* 



General remarks on Oiese iSiZicates.— Of all these sUioates^it may be 
remarked in general-*- 

1^. That besides existing in the minerals above-mentioned, and from 
which they are conveyed into the soil, they are also slowljf formed in the 

* I |m indebted to Sir Cbarle« Lemon for the analyato ofa aoii; on part of hit own proper. 
t]r, resUof on eerpenUne, and beaiing only Srica vagmta, which ttlnstkateathe atatemem in 
tne text. This aoii coneisu of silica 70« alumina wiUi a trace of xypsom 20, oxide of iron 6-9^ 
wmA VMetable matter a-S per cent If thia eoil haa been formed from the n>ck on which It 
reala, the macneaia haa been wholly washed out. Its aonstitution, however, points ntth«r to 
s de4say«d m^pu m iiiittt nek, aailM aoisciee fioni whtcb irtes befn dsttred. 
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9oil U$aff whtD th« ingredients <^ ^bich they eeyerally consut are na- 
turally preeent «i» or are artifidally added to^ the toil. Hence, the ad- 
ditk>n of potash or soda to the land may cause the production of sili- 
cates of these alkalies-^probably soluble silicates— which water will 
he -capable of di^solviag and bearing to the extremities of the roots. 
Hence al^, in a sandy soil, the addition of lime may give rise to the 
production of insoluble silicates of this earth, — and the beneficial effect 
of the lime upon the land may thus sooner cease to be observable than 
in soils of a different character, where it is not so liable to be locked up 
in an insoluble state of combination ; and 

2^. That with the exception of those of potash and soda, which con- 
tain much alkali, these silicates are all insoluble in water, and thus not 
directly available to the nutrition of plants. Except those of alumina, 
however, they are all slowly decomposed by atmospheric agents, and 
their constituent elements thus brought, to a certain extent, within the 
reach of plants; while, without exception,' they are all capable of de- 
compositbn in the soil by the agency of the acid substances, chiefly of- 
;anic, which there exist, or which are produced during the growth and 
lecay of vegetable substances. From this latter source, the chief supply 
of the ingredientJB contained in the silicates, is, in most soils, derived by 
Uving plants. 

. To this cause is attributed the surprising effect often observed to fol- 
low from the addition of vegetable matter to a sandy soil on which a 
previous addition of lime had ceased to produce any further beneficial 
effect. The organic acids formed by the vegetable matter during its de- 
cay decompose the silicates of lime previously produced, and thus liber- 
ate the lime from its insoluble state of combination. But when the sili- 
cates have been all decomposed by this agency, theTurther addition of ve- 
getable matter ceases necessarily to produce the same remarkable effects. 
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XI.— THE OXIDES, SULPHUaETS, SULPHATES, AND CARBONATES OF IBON. 

1°. Oxide$ of Iron, — It is well known that when metallic iron is ex- 
posed to moist air, it gradually rusts and becomes covered with, or whol- 
ly changed into, a crumbling ochrey mass of a reddish brown colour. 
This powder is a compound of iron and oxygen only, containing 69} per 
cent, of the former, and 30| per cent, of the latter. 

When iron is heated in the smith's forge, and then beat on the anvil, a 
scale flies off* which is of a black colour, and when crushed gives a black 
powder. This also consists of iron and oxygen only, but the proportion 
of oxygen is not so great as in the red powder above described. In both 
cases the iron has derived its oxygen from the atmosphere. 

To these compounds of iron, with oxygen, the name oT oxides is given. 
There are only two which are of interest to the agriculturist, namely, 

ooMaisvmo op 

Iron. Oxygen. BvmboL Coloar. 
The >*« oxide* . . 77-23 22-77 Fe Of Black 
The second oxide . 69-34 30-66 FegOa Red. 

* TtMjtnt ia also called ttie /wf-ozide, the aeeond either the Magui, or mort uttttOtf the 
peroxide of iron, 
t Iron la repreaetitsd bj Oie ajmboi Fe, the Inttial tettera of ita Ladii aaiis (fiummx 
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Both of these ex at abuodaDtly in nature, and are present to a greater 
or less extent in all soils. The second or j»er-oxide, however, is by far 
the most abundant on the earth^s surface, and the reddbh colour obser- i 
vabte in so tnany soils is imncipally due to the presence of this oxid^.. 

The first oxide rarely occurs in the soil except in a state of combina-' 
cion with some acid substance,— -and so strong is its tendency to combiue . 
with more oxygen, that whea exposed to the air, even in a state of com- 
bination, it rapidly afasorlra this element- from the atmosphere and 
changes info per-oxide. This change is observable in all chalybeate 
springs, in which, as they rise to the surface, the iron is generally held; 
in solution in ^he state of the first oxide. After a brief exposure to the 
4iir, rtioxe oxygen is absorbed, and a reddish pellicle is formed on the 
surface, which gradually falls and coats the channel along which the 
water runs, with a reddish sediment of tosolubks per-oxide* . 

Both oxides are insoluble in pure water, and both dissolve in water 
containing acids in solution. The first oxide, however, dissolves in 
nsuch greater quantity in the same weight of acid, and it is. the com- 
pounds of this oxide which are usually present in the soil, and which, in 
hoggy lands, prove so injurious to vegetation.* 
• The second oxide possesses two properties which, in connection with 
practical agriculture, are not void of some degree of importance. 

1°. In a soil which cootai/is much vegetable matter in a state of de- 
cay, the per-oxide is frequently deprived of one-third of its' oxygen by 
the carbonaceous matter,f and is thus converted into the first oxide 
which readily dissolves in any of the acid substances with which it may 
be in contact. In this state of combination it is more or less soluble in 
water, and in some localities may be brought to the roots of plants in 
such quantity as to prove injurious to their growth. 

. 2P, The red oxide of iron is said, like alumina (p. 197), to have the 
property of absorbing ammonia, and probably other gaseous substances 
and vapours, from the atmosphere and from the soil. 'In that which 
occurs in nature, either .in the soil or near the surface of mineral veins, 
traces of ammonia can generally be detected. Since then ammonia is 
so beneficial — according to some so indispensably necessary— to vegeta- 
tion, the property which the per-oxide ot iron possesses of retaining this 
ammonia when it would otherwise escape from the soil, or of absorbing 
it from the atmosphere, and thus bringing it within the reach of plants, 
must also be indirectly favourableio vegetation— where the soil contains 
it In any considerable quantity. 

An imporunt practical precept is also to be drawn from these two pro- 
pertieis of this oxide. A red irony soil, to which manure is added, 
should be frequendy turned, over, and should be kept loose and pervious 
to the air, in order Uiat the formation of prot-oxide (first oxide) may be 

* *'That layer of foil (aaya Sprengel), !■ atwaysesp^clBlIy rich bi iroB, over wt)ieh Uie heel 
of the ptoogh gHdei to preparioK the bnd. The friction nf the soil continually rubs olTpar- 
ticlea of iron, which absorb oxygen and change into the jSrt< oxide. Hence this part of the 
•offteahrays darker te colour tbao thoreat; heaee tlao the raaaon whjr the aoii afterdeet) 
ploughing, remaina unproductive aometlmes for oereral yeara.*'— CAemie, I., p. 426. While 
we admit that Oie preaelice of the irat oxide of iran in the mbaoii afRpcta its fertUMy, when 
brought to the turiaee, we may doobt whether muuh of that iron can have been derived 
fron.the tear and wear of the plough. 

t The carbon of the vegetable matter combioes with the oxygen of the oxide to forlki ear- 
houic add.—Wesi p. 03. 
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Sirented as moch as possible ; and it may occasionally be summer- 
lowed with advantage, in order also tbat tbe ])er-oxide may absorb 
fiom tbe air those volatile substances which are likely to prove benefi- 
cial to the growth of the fbtore crops. 

2^. SulfiiwreU of Iran. — ^Iron occurs in nature combined with sulphur 
in two proportions, forming a sblphuret and a H-sulpburet. These 

consist respectively-^ 

'^ '' ITOB. Bulpbvr. ByBboL 

The sulphnret . . . €2-77 37-23 Fe S 
Thebi-solpbuietof . 45*74 .54*26 Fe S. 
and are both tasteless and insoluble in water. 

1<>. The first of these, the sulphuret (Fe S), occurs occasionally in 
boggy and marshy soils, in which salts of iron exist, or into which they • 
are carried by rains or springs. It is not itself directly injurious to vege- 
tation, but when exposed to the air it absorbs oxygen and forms stdpfuOe 
of iron, which, when present in sufiicient quantity, is eminently so.* 

2^. The U-nUphwreit or common iron pyrites (Fe S^), is exceedingly 
abundant in nature. It occurs in nearly all rocky formations— and in 
most soils* It abounds in coal, and is the source of the sulphurous smell 
which many varieties emit while burning. It generally presents itself 
in masses of a yellow colour and metallic lustre, more or less perfectly 
crystallized in cubical forms, so brittle and hard as to strike fire with 
steel, and of a specific gravity four and a half times greater than tbat^of 
water (Sp. gr. 4, 5). When heated in close vessels it parts with nearly 
one-half of it^ sulphur, and hence is often distilled for the sulphur it 
yields. 

In the air it absorbs oxygen, in some eases— as in the waste coal 
heaps— >with such rapidity as to heat, take fire, and bum. By this ab- 
sorption of oxygen (oxidation), 6ulf)huric acid and sulphate of iron are 
produced. In the alum shales tbe iron pyrites abounds, and these are 
often burned for the purpose of converting the sulphur and sulphuric 
acid for the subsequent manufacture of alum. 

3^. Svlvhates ofJhran.'^Or the sulphates of iron which are knowut 
them is only one— the common green vUnol of the shops— that occurs in 
the soil in any considerable quantity. There are few soils, perhaps, in 
which its presence may not be detected, though it is in bogs and marshy 
places that it is most generally and most abundantly met with. It is 
often exceedingly injurious to vegetation in such localities, but it Is de- 
composed by quick-lime, by chalk, and by all varieties of marl, and 
thus its noxious efiects may m general be entirely prevented. To soils 
which abound in lime, it may even be applied with a beneficial effect. 

When a solution d" this salt is exposed to the air it speedily becomes 
covered whh a pellicle t>f a yellow oehrey colour* which afterwards fiills 
as a yellow sediment. This sediment consists of jwr-oxide (^iron, con- 
taining a little sulphuric acid ; but by the separation of this oxide the 
sulphuric acid is left in excess in the solution, which becomes sottr» and 

* Y«t Id onaU qoaDlUy it BMiy !>• beoeflcfsl That Bpreagel menllMM ttMi lb* MritaoO oT 
» noornear Haoover, wbicb contains aomsof this ralpburet of iroD) prodacM Mtoolaliliw 
tfleeta wboD kM m a. top-dreMiag on the gnm laads. The ezplttiaUoii of fbis it, tbel tbe 

arltee absorb oxygeo and is coDveited into siilphate, and tbus ra*pfoduees ths leimirkabte 
ieets obserred oo the addittoo of gypsusa, of solpbttric aeld,or of solpbale of sodik to tlak^ 
lar gfssi lands. 
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8till more injarious to vegetation than before. In boggy places the 
waters ioipcegnated with iron are generally more or less in this acid 
state, ^ and liaae, chalk, and marl, with perfect drainage,. are the only 
available means by which such lands can be sweetened and rendered 
fertile* 

When iron pyrites is expos^ to the air it slow4v absorbs oxygen, and is 
converted into sulphate of iron and sulpharic acid ; oo the other hand, the 
amir solalidn above mentioned, when placed in contact with vegetable ' 
matter, where the air is excluded, parts with its oxygen to the decaying 
carbonaceous matter, and is again converted. into iron pyrites. These 
two opposite processes are both continually in progress m nature, and 
often m the same locality,— 4he oneoa.tbe surface, Where air is present ; 
the other in the subsoil, where the air is excluded. 

4^. Carbonates ^JroM.— When a solution of the sulphate of iron, 
above described, is mixed with oneof carbonate of soda, a yellow powder 
falls, which is carbonaU of iron. This carbonate is found abundantly in 
n^ttire. It is the state io which the iron exists in the ore (clay-iroo ore,) 
from which tbl;} metal is so largely extracted io our iron furnaces, and 
in the similar ore often found in the subsoil of boggy places, which is 
distinguished by ihe name of bog^ron ore. 

Like the carbonate of lime, it is insolnble in water, but dissolves with 
considerable readiness in water changed with carbonic acid. In this 
state of solution it issues from the earth in most of our chalybeate springs, 
abd it is owing to the escape of the excess of carbonic acid from the. 
water, when it reaches the open air, tbat the yellow dejiosit of carbonate 
of iron more or less speedily falls. 

The carbonate of iron, being insoluble in water, cannot be directly in- 
jurious to vegetation* When exposed to the air it gradually parts with 
its carbonic acid, and is converted into per-oxide of iron. 

The ash of nearly all plants contains a more or less appreciable quan- 
tity of oxide of iron. This may have entered into the roots either in the 
state of soluble sulphate or of carbonate dissolved in carbonic acid, or of 
some other of those numerous soluble compounds of iron with organic 
acids, which may be expected to be occasionally present in the soil. 

XII.*— MAN&ANE8E-: OXIDES, CHX«0RID£S, CARBONATES, AND SULPHATES 
OF MAN&ANESX. 

1°. Manganese is a metal which, in nature, is very frequently asso- 
ciated with^iron in its various ores. It also resembles this metal in 
many of its properties. In the metallic state, however, it is not an ob- 
ject of manufacture, nor is it used for any purpose in the arts. 

2^. Oxides of Manganese.-^HHnganeae combines with oxygen in 
several proportions. The first oxide is of a light green colour, the se- 
cond and third are black. The first is not known to occur in nature in 
an uncombined state, the two others exist abundantly in the common 
ores of manganese, and are extensively diffused, thougli in small quan- 
tity, through nearly all soils. They are all insoluble in water, but the 
two former dissolve in acids and form salts. . Traces of these two oxides 
are also to be detected in the ash of nearly all plants. 

Z"^. Chloride, Carbonate, and Sulphate of Manganese.^l£ any of 
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theae oxides be dissolyed in siuriade aeid a aolotioo of ehUmde of man* 
gaoeee will be obtained. 

If this aolotion of chloride of manganeee be mixed widi ooe of car- 
bonate of 8oda« a white ioeolubLe powder will fall, which is carbonaU of 
mafaneee. 

If this carbonate be diMoWed in diluted sulphuric acid, or if any of 
the oxides be digested id this aeid, a solution of mtipkaU of manganese 
will be formed. 

The carbonate of manganese, and its oxides, will also dissolre, though 
more riowiy, in acetic acid (vinegar), and in other organic acids which 
may be presem io the soil, and will ibrm with them other soluble 
salts. 

Tiie compounds of manganese exist in plants in much less qoanti^ 
tiian those of iron; but as its oxides, like those of iron, are insoluble io 
pure water, this metal noost likely finds its way into the state of one 
or other of the soluble compounds above described. 

f 2. Tabular view of the constUution tf the conwounds of the Uurgamc 
dements above deeerihea. 

Having in the preceding section briefly described tbe^ several compoonds 
of the ifwrMOfde dements qffianU^ which either enter into the constitution 
of vegetame substances, or are supposed to mtmster to their growth— >il 
may prove useful hereafter, if I exhibit at one view the composition per 
centf of the various oxides, chlorides, snlphurets^ and oxygen-acid salts** 
t6 whicii I have had occasion to dirisct your attejHioo. 

We shall have occasion to refer to tlie numbcn io thefoUowing table* 
in our subsequent calculations. 

V, '^Oxygen per cent. t» ike oxides of the morgame elements* 

Qijgea 

per eeut. 
Sulphurous Acid . . . 49*85 
Sulphuric Acid . . . 59*86 
Phosphoric Acid . . . 56*04 
Potash ...... 16-95 

Soda ....... 25*58 

Lime 28*09 

Magnena 38*71 



per eeot* 

Albmina 46*70 

Silica 51-96 

Protroxideoflron . . 22*77 

Per-oxide of Iron . . . 30-66 

Prot-oxide of Manganese 22-43 

Sesqui-oxide do. . . 30-25 

Per-oxide do^ . • 36-64 



2<*.— CWmne or Sutphurjfer cent, in (he chUmdes and sulphurets. 



Chloride of Porassimn 
— Sodium 
— — Calcium 
■ ' Magnesium 

First Chloride of Iron 
Second do. do. 



i^blorine 
percent 
47-47 
60*34 
63*38 
73-65 
56*62 
66-19 



Bi*Su1phuret of Iron, 
(Iron Pyrites) . 

* 0ocaOtdteni»tlb6addthe7 6oiilkliibaeM|9c» foreiMoftti 



Sulphnret of Potassinm 
" ■ Sodium .' . 

Calctnm . . 

Iron 



Solphw 
percent. 
2911 
40-88 
44-00 
37-23 

47-08 



COMPOSITIOn QP T«£ SiUJNX fiOMM9VtH9%* 
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S^.^Compontian percent. ofOie Saline eombinaiimi above described. 



Carbonate of Potash 
Bi-carbonate of do* 
Sulphate of 
Nitrate of 
Binoxalate of 
Bitartrate of 
Phosphate of 



do. . . 

do. • 

do. (Salt of aorrel) 
do. (Cream of tartar) 
do. . . 



Bi-pfaosphate of do. 

Carbonate of Soda (dry) . 

(Grystallized) 



Bircarbonate of Soda 
Niuate of do« 

Sulphate of do. 

do. 

Phosphate of do. 
Bi-phdsphate of do. 



(dry) 



ci^stallized) 



Carbonate of Lime . • « 
Sulphate of do. (Gypeum) . 

' (burned) 

Nitrate of Lime 
Phosphate of Lime (Apatite) . 
Bi-phosphate of Lime 
Earth of Bones 

Carbonate of Magnesia . 
Bi-carbonate of do. 
Sulphate of do. (Epsom salts) 
Nitrate of ' do. . . 

Phospfaate^of do. 

Sulphate of Alumina 
Phosphate of -do. 

Silicate of Pou^ (soluble) 
Bi-silicate of do, (do.) •• 
Silicate of Soda (do.) » 

Bi-silicate of do. (do.) 
Silicate of Lime ' • 
■ Magnesia . 
— — ^— Alumina ... 



Carbonate of Iron 

Sulphate of do. (crystallized) 

Carbonate of Manganese . . . 
Sulphate of do. (crystallized) 



▲eid. 



31*91 
48*38 
45*93 
63*44 
62*64 
70-28 
4306 
60*20 

41*42 
16*43 
58-66 
63*40 
56*18 
24*86 
63*30 
69*64 

43*71 
46*31 
68*47 
66*54 
45-62 
71*48 
48*45 

51*69 
68*15 
32*40 
72*38 
63*33 

70*07 
67*57 

49*46 
66*19 
59-63 
74*71 
61*85 
69*08 
72*96 

38*63 
3103 

38*27 
33*20 



6809 
61*62 
64*07 
46^56 
34*29 
24*96 
66*94 
39*80 

68*58 
21*81 
41*42 
36 60 
43*82 
19-38 
46*70 
30*46 

56*29 
32-90 
41*53 
34-46 
54-48 
28*52 
51*65 

.48-31 
31*86 
16*70 
27*62 
36*67 

29*93 
32-43 

60-54 
33*81 
40*37 
26*29 
38*16 
30-92 
27*06 

61-37 
27-19 

61-73 
29-64 



Water. 



1307 
4-76 



62*76 



65*77 



20*79 



60*90 



41*78 



37-26 
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^Z. On ike rekUive proportions of the different inorganic compounds 
present in the ash qf plants. 

Havinp; thus made you acquainted with the general properties and 
composition of the several compound substances of which the ash of 
plants consists, we now advance to the consideration of the relative pro' 
portions in which these substances exist in the ash of the different kind» 
of plants usually cultivated for food. 

We have seen (p. 178) that different specie^ of plants leaver very dif- 
ferent quantides of ash when burned ;-^he ash left by different species 
contains also the above earthy and saline substances in very unlike pro- 
portions. This fact has already been stated generally (p. 180) ; we are 
DOW to illustrate it more fully, anS to show the important practical de- 
ductions to which it leads. -« 

I.— OF THE ASH OF WHEAT.' 

According to the analysis of Sprengel, 1000 lbs. of wheat leave 11*77 

lbs., and of wheat straw 35*18 lbs. of ash, consisting of— - 

Grain of Bccaw of 

I Wbett. Wheat • , 

Potash 2*25 lbs. 0-20 lbs. 

Soda ........ 2*40 0-29 

Lime ........ 0-96 2-40 

Magnesia ...... 0*90 ^ 0*32 

Alumina, with a trace of Iron 0-26 0*90 

Silica . 4-00 28*70 

Sulphuric Acid . • • . 0*50 0*37 

Phosphoric Acid .... 0*40 1*70 

Chlorine 0*10 0*30 



11-77 lbs. 35-18 lbs. 
If the produce of a field be at the rate per acre of 25- bjoshels of 
wheat, each 60 lbs., and if the straw* be equal to twice the weight of 
the grain, the quantity of each reaped per acre will be 

Grain . . . 1500 lbs. ? ^ -. i ^ac u u i 

Straw . . . 3000 lbs. J ^"'^ * P"^"*'^ ^^^ busheU; 

80 that the quantity of the different inorganic compounds carried off from 
the soil of each acre will be, in the grain i more than is represented in 
the second column, and in the straw 3 times as much as is represented 
in the third column. 

II.— OF THE ASH OF BARLE7. 

A thousand pounds of the grain of barley (twb-rowed, hordeum distil 
chon,) leave 23 J lbs., and of the ripe dry straw 62-42 lbs. of ash. This ash 
consi9ts of^* 

* The proportion of the straw to the aeed In sr&ln of all tinds is very mriabte. In wheat 
it is Mud to average twice the weight of the grain, bat it is venr oOen, even in heavy erops, 
8 to 3^ time* that weight. / i«» 
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Unkk flinw. 

Potash. ..... 2*78 lbs. 1-80 lbs, 

Soda ^-90 0*48 

Lime 106 5*54 

Magnesia 1*80 a*76 

Alumioa 0*25 1*46 

Oxide of Iron . . • .a trace. 0*14 

Oxide of Manganese . — • 0*20 

Silica 11*82 36-56 

Sulphuric Acid • . . 0*59 1*18 

Phosphoric Acid . . 2-10 1*60 

Chlorioe 0*19 0*70 

23*49 lbs. 52*42 lbs. 
If the produce of a crop. of barley amount to 38 bushels of 63 lbs. each 
per acre, and the straw exceed tfa» grain in weight one-sixth, the weight 
of each reaped per acre will be about 

and the inorganic matters carried off from the soil by each will be ob- 
tained by multiplying those contained in the second column (above) by 
2, and in the third by 2J. 

III.— OF THE ASH OF OATS. 

In 1000 lbs. of the grain of the oat are contained about 26 lbs., and of 
the dry straw about 57 ^ lbs. of inorganic matter, consisting of— 

Chmin. BCnw. 

Potash 1*50 lbs. 8*70 lbs. 

Soda 1*32 002 

Lime ....-• 0*86 1-52 

Magnesia 0*67 0*22 

Alumina . • . . . 0*14 0*06 

Oxide of Iron. . . . 0*40 0-02 

Oxide of Manganese . 0-00 0*02 

Silica .19-76 45*88 

Sulphuric Acid ... 35 . 0*79 
Phosphoric Acid . . . 0-70 0*12 

Chlorine 0-10 0*05 



25-80 lbs. 57*40 lbs. 
If an acre of land yield 50 bnshels, each 54 lbs., of oats, and two-thirds* 
more'^ in weight of straw, tliere will be reaped per acre, 

Of Sw 37IS It \ f""- * P«duce of 50 b«beU, 
and the weight of the inorganic matters carried off vrill be eqnal to 21 
titnes the quantities contained in the second column, and 3} times those 
contained in the third column. 

* Of dl kinds of grain, th« o«t givea the moit variable prapoicion of alnw, that which i« 
obtained at one time, and in one kxMlitj, being two or three timea greater than that reaped 
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IV.— OP TBS ASH OF RTE. 

The weight of a«h contained in 1000 Ihs. of the grain of rye is lOJ Ihs., 
and of the etraw 28 lbs. This ash consists of 

Onin. Straw. 

Potash r fi.<joih« 5 0-32 lbs. 

Soda $ 6321bs. ^^^^ 

Lime 1*22 1*78 

Magnesia . .... 1-78 0*12 

Alamina 0*24 i «.„- ♦ 

Oxide of Iron. . . . 0-42$ ^^ 

Oxide of Manganese . 0*34 -» 

SiUca 1-64 22*97 

Sulphuric Acid . . . 0*23 1*70 

Phosphoric Acid . . 0*46 0'61 

Chlorine 0*09 0-17 

10-40 lbs. 27-93 lbs. 
Rye is remarkable for the quantity of slia^ it yields, which is often 
from 3 to 4 times the weight of the grain. ' The return in grain reaches 
about the same average as that of wheat. From an acre of land yield- 
ing a crop of 25 bushds, each 54 lbs., there would be reaped 

Of erain 1350 lbs. ; of straw 4000 lbs. ; 
the whole weight of inorganic matters contained in wiiich is equal to | 
more than is represented in the second column, added to 4 times the weights 
contained in the third cduran. 

v.— op THE ASH or SKAHS, PEAS, AND VETCHES. 

The ash of the seed and straw of the field beav, the field pea, and the 
common vetch (vicia soHva,) dried in the air,- contains in 1000 lbs. the 
several inorganic compounds in the following proportions: 

VIBLD B>AX. FUSED FSA. COMMOlf YSf OB. 





Seed. 


Binw. 


Seed. 


straw. 


Seed. 


Straw. 


Potash .... 


415 


16-56 


8-10 


2*35 


8-97 


18-10 


Soda 


8-16 


0^50 


7-39 


_ 


6-22 


0-52 


Lime .... 


1-65 


6-24 


0-58 


27-30 


1-60 


19-55 


Magnesia . . . 


1-58 


2-09 


1-36 


3-42 


1-42 


3-24 


Alumina ... 


0-34 


0-10 


0-20 


0-60 


0-22 


,0-15 


Oxide of Iron . . 


' _ 


0-07 


0-10 


0-20 


0-09 


0-09 


Oxide of Manganese 


» — 


0-05 


— . 


0*07 


0*05 


0-08 


Silica .... 


1-26 


2-20 


4-10 


9*96 


2-00 


4-42 


Sulphuric Acid . 


0-89 


0-34 


0-53 


3-37 


0-50 


1-22 


Phosphoric Acid . 


2-92 


2-26 


1-90 


2*40 


1-40 


2-80 


Chlorine . . . 


0-41 


0-80 


0^ 


0-04 


0-43 


0-84 



21-36 31-21 24-64 49-71 22-90 51-01 
On comparing the numbers in these columns, ive cannot fiul to remark*— 
1^. How much potash there is in the straw of the bean and the vetch. 
2^. That while there is only a trace of soda in any of the three straws, 
there is a considerable quantity in all the seeds. 
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3^. How large a proportion of lime exists in the straw of the pea and 
of the vetch— compared with that of the bean— and how much larger the 
piopordon is in all the straws than in any of the grains— and 

4^. That the quantity of silica in pea straw is double of what is con- 
tained in th& straw of the vetch, and 4 times that of the bean straw. 

The produce of suaw from these three varieties of pulse is very bulky« 
bat varies in weight from 1 to If tons'—or is on an average about 2300 
lbs. per acre. The produce of grain is still more variable. 

The bean gives from 16 to 40 bushels, of about 63 lbs. 
The pea . . 12 to 84 " *• 64 lbs. 

The vetch . . 16 to 40 «' " 66 lbs. 

The mean return from beans is estimated by Schwertz [AnUitung 
Zutn PrakHadien Ackerbau^ XL, p. 346,] at 2d bushels (1600 lbs.), from 
peas at 15 bushels (1000 lbs.), and from vefches at 17 bushels (1100 
IbsJ per acre. 

The quantity of the several inorganic matters, therefore, carried off • 
drom an acre in the straw of these crops, will be about 2} times the 
weights given in. tlie table— and in the grains, wherl) the crop is near 
the above average, 1} times the weights in the tables for. beans and lor 
peas, and for vetchee very nearly the actual weights above given. 

VJw-*>0r TQE ASH OF TBB TURNIP, CARROT* PARSNIP, AND POTATO. 

These four rool% as they are carried from the field, contain respective 
]y in ten tboosand pounds^— 

TVBNip. ejkweT. wjMunr* votato. 



















Hoots. 


Leaves. 






Roots, 


Tops. 


Potash 


23-86 


32-3 


35-33 


20-79 


40-28 


81-9 


Sodn .... 


10-48 


22-2 


9-22 


7-02 


23-34 


0-9 


Lime • . . . 


7-62 


62-0 


6-57 


4-68 


3-31 


129-T 


Magnesia . . • 


2-54 


5-^ 


3-84 


2-70 


3-24 


17-0 


Alumina . . • 


0-36 


0-3 


0-39 


0-24 


0-60 


0*4 


Oxide of lion. . 


0-32 


1-7 


0-33 


0-05 


0-32 


0-2 


Oxide of Manganese 


i — 


— 


0-60 


— 


— 


— 


Silica r » . . 


3-88 


12-8 


1-37 


1-62 


0-84 


49-4 


Sulphuric Acid . 


8-01 


26-2 


2-70 


1-92 


5-40 


4-2 


phosphoric Acid • 


3-67 


9-8 


6-14 


1-00 


4-01 


19-7 


Chlorine . . . 


2-39 


8-7 


0-70 


1-78 


1-60 


5-0 




63-03 180-9 


66*19 


41-80 


82-83 308-4 



These roots, as already stated (note, p. 178), contain very much water* 
so that, in a dry state, ihe proportion of inorganic matter present in them 
is vefV much greater than is represented by the above numbers. I 
have, nowever, given the quantities contained in the crop as it is carried 
fiom the field, as alone likely to be of practical utility. 
' The crops oi these several roots vary very much in difierent localities, 
beipg'in some places twice and even thrice as much as in others-*evwy 
mne tons, however, which are carried ofiT the ^nnd, contain about. 
twice the weight of sajine and earthy matters itidicated by the numben. 
ia the tables 
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VII.— OP THE ASH OP THE GRASSES AND CLOVERS. 

The fi>llo)R^iog table might have beea much enlarged. I have 
thou^t it necessarVf however, to introduce in this place only those 
species ofgrass and clover which are in most eittensive use. I have 
also calculated the weighu given below, for these plants in the state of 
hay orUy^ as the succulency of .the grasses,-^hat is, the quantity of wa- 
ter contained in the green crop,— varies so much that no correct esti- 
mate could be made of the quantity of inorganic matter present in hay 
m grass, from a knowledge of its weight in the green state only : 





RjeOrus 


Red 


White 








'Hay. 


Clover. 


Clover. 


Lucerne. 


Sainfoin. 


Potash .... 


8-81 


19-95 


3105 


13-40 


20-57 


Soda 


3-94 


529 


6-79 


6-16 


4-37 


Lime • . . • 


7-34 


27-80 


23-48 


48-31 


21-95 


Magnesia . . . 


0*90 


3-33 


305 


3-48 


2-88 


Alumina . . • 


0-31 


0-14 


1-90 


0-30 


0-66 


Oxide of Iron . . 


— 




0-63 


0-30 




Oxide of Manganese 


_ 


^^ 






_ • 


SUica . . . « 


27-72 


3-61 


14-73 


3*30 


6-00 


Sulphuric aoid . . 


3-63 


4-47 


3-53 


4-04 


3-41 


Phosphoric acid . 


0-25 


6-67 


505 


13-07 


9-16 


Chlorine. ... 


006 


3-62 


2-11 


318 


1-57? 



52-86 74-78 91-32 95-53 69-67 

The above quantities are contained in a thousand pounds of the dry 
hay of each plant. 

On comparing the numbers opposite to potash, lime, magnesia, alu- 
mina, silica, and phosphoric acid, we see very striking dififereoces in 
the quantities of these substances contained in equal weights of the 
above different kinds of hay. These differences lead to very important 
practical inferences in reference, — 

1°. To the kind of soil in which each will grow most luxuriantly. 

2°. To the artificial means by which the growth of each may be pro- 
moted—in so far as this growth depends upon the supply of inorganic 
food to the growing plaint. 

3°. To the feeding properties of each, and to the kind pf stock they 
are severally most fitted to nourish. 

To these and other important practical deductions suggested by the 
above tabulated analyses— as well as by those previously given— of the 
inorganic matters contained in the several varieties of vegetable produc- 
tions usually raised for food, we shall hereafter have frequent occasion 
to revert. In the mean time, a preliminary inquiry demands our at- 
tention, which we shall proceed to consider in the. following section. 

§ 4. To what extent do ^ crops most usudWy cultivated, ea^taust the soU 
of incrganic vegetable food T 
A bare inspection of the tabular resulu exhibited in the preceding 
section gives but a faint idea of the extent to which the inorganic ele- 
mentary bodies are necessarily withdrawn from the soil in the ordinary 
course of cropping. '' 
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I. Let us eoorider the effect upon the eotl of a still too commoD three 
years* course- of cropping-^ZZoKr, wheats oaU.* If the produce of such 
a course be 25 bushels of wheat and 50 bushels of oats« there would bo 
carried from the soil every three years in pounds— 

WHBAT. OATS. 

, • » . " . Total 

Gnin. Straw. Gtain. BUmw. 

Pota^ .... 3-3 0-6 3-76 32-7 40-35 ; 

Soda ..... 3-5 0-9 3*3 — 7-7 

Lime ... .^ . 1-5 7-2 2-5 5-7 16*9 

Mafuesia. ... 1*5 1*0 1-7 0-8 .5-0 

Oxide of Iron . . — — 1-0 — 1*0 

Silica 6-0 86-0 500 172-0 314*0 

Sulphuric Acid . . 0-75 1-0 0-9 3-0 5-65 

Phosphoric Acid . 0*6 5-0 1*43 0-5 7*53 

398-13 
The gross weu[ht carried off* in tliese crops is large— amounting to 
about 400 lbs. ft will vary, however, with the kind of wheat and oats 
which are giow^n, and may oAen be greater than this. — [See the follow- 
ing section (§ 5) of the present Lecture.] The greatest portion of the 
matter carried ofi^ however— upwards of three-fourths or the whole— 
boDsists of silica; the rest of the niaterials are equal to 
60 lbs. of dry pearl-ash, 
36 lbs. of the common soda of the shops, 
28 lbs. of bone-dust, 
12 lbs. of gypsum, 
5 lbs. of quick-Ume, 

5 lbs. of magnesia,-^>r for the last three may be substi- 
tuted 33 lbs. of common Epsom salts and 17 lbs. of quick-lime. 

The form in which the silica may be restored to the soil in a state in 
which the plant can absorb it, will be considered hereafter. 

Though large as a whole, the weight of each of the ingredients, taken 
singly, is not great; and yet- it is not difficult to understand that if a 
constant drain be kept up oq the soil year after year, and the practical 
farming adopted is of such a kind as not to restore to the soil a due pro- 
pordon of eac^ of the substances carried off^->the time must comiB when, 
under ordinary cireumstances, the soil will ho longer be able to supply 
the demands of a healthy and luxuriant vegetation. 

II. Let us next oonsider ^e eflbct of a four-years* course tfyvieui in 
withdrawing these iixirganic substances from the sml. And for this 
purpose let us adopt one suited to the lighter soils— as to that of Norfolk— 
turnips, barley, clover and rye graes, tmeat. 

Let the crop of turnips amount to 25 tons of roots per acre, of barley to 
38 bushels, of clover and rye grass each to one ton of hay, and of wheat 
as before to 25 bushels. Then we have from the entire rotation in 
pojunds— 

* Common, among other eoontiea, in that of Durham. There are eaeea, however, la 
which Mb three jeartf coarae may not be Indefensible, and It never could be. compared with 
•ome of the ao-caUed improved rotationa In Beat Lothian in the time of Lord Kamea ; as for 
hmUmee^fBOeie, tariey, eUrter, manure on the clover stubble, then teAMT, Parity, oaft.«S«s 
Tike aOT&mafiinitniMr(l802),p. 147. 
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BAMfMt, WBIAT. 

Turnip s * . Red Rye , ■> Total. 

Eoota. GnOn. fltnw. C1oT«r. GnuM. Gnin. Stnw. 

Potash . . . • . 145-6 5-6 4-5 450 285 3-3 0-6 2330 

Soda 64-3 5-8 1-1 120 ' 90 3-5 0-9 96-6 

Lime 45-8 2-1 12 9 63-0 165 15 7-2 1490 

Magnesia. . . . 15-6 3-6 1-8 7-6 20 1-5 1-0 32-9 

Alamina .... 2-2 0-5 3*4 0-3 0-8 0-4 2-7 10-3 

Silica 23-6 23*6 90-0 8-0 62-0 6»0 86-0 299-2 

Sulphuric Acid . 490 1-2 28 100 80 08 1-0 72-8 

Phosphoric do. . 22-4 4-2 3-7 150 0-6 0*6 50 51-5 

Chlorine .... 14-5 0-4 1-5 8-0 01 0-2 09 25 6 

970-9* 
On comparing the numbers in the last column— containing the total 
quantity of matter abstracted— with those contained in the three years* 
rotatioa (p. 221), we see how very much larger an addition must be 
made to the land every fourth year, if we are to restore to it any thing 
like an equivalent for the inorganic matter -carried otf. 

It will be especially observed that the quantity of potash, and of soda, 
and indeed of nearly every ingredient except the silica, carried off i» 
this course of cropping, is much greater, even in proportion to the time 
it occupies, than in the three-year shift — and that nine-teniks of the pot- 
ask and soda withdrawn from the soil are contained in the ^reen crops* 

To place the relative effect of the green and corn crops upon the soil 
in a clearer light, I shall exhibit the several quantities of common and 
artificial salts and manures which it would be necessary to add to each 
acre at the beginning of this rotation, in order to supply the various inor- 
ganic substances about to be taken from the land in the next four years* 
cropping. These quantities are as follow^ in pounds :-<- 

Fortbe For Che 

Total. fOreen Crops. Cora Crops. 

Dry Pearl-ash 325 316 9 

Crystallized GarboDate of Sodat 333 290 43 

Common Salt ..... 43 38 5 

Gypsum .......— 30 — 

Quick-lime 150 100 7 

Epsom Salts ...:.. 200 150 50 

Alum ........ 83 27 56 

Bone-dust ....... 210 150 60 

With the exception of the silica, the substances above-named, in the 
quantities given, will replace all the inorganic matters contained in the 
whole crop reared, the turnip tops alone not incltided. A single glance 
at the second and third columns shows how much greater a proportion 
of all these substances is necessary to return what die green crops have 
taken from the land. 

That the fenility of the soil depends in some considerable degree on 

* This fs exclusive of the turnip tops, which I have omitted, from not knowing what pn»« 
portion their weight in the green state generally bears to that of the roots. 

A OtUx every 100 IbsL of the common cailiooate of soda may be skibstttuted 40 Ite of 
common sak or GO lbs. of dry nitrate of soda. 
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the quitntity of the alkaline and other compounds present in it, there caa 
he no qaestion,— since not only do we find extraorainary natural luxuri- 
ance of vegetation where some of these happen to he present in the soil, 
hut we can often greatly increase the apparent productiyeness of our 
fields by spreading sucli substances over them in su^icient quantity. 

How comes it, then, that the green crops which carry ofT all these 
substances in the greatest quantity by very much* should yet least injure 
the land,— -nay, should rather renew and prepare it again for the growth 
of crops of corn? 

This is one of the most interesting practical questions which can pre- 
sent itself to us in the existing state of theoretical agriculture ;— but it 
would carry us away from our more immediate object, were we. prema- 
turely to enter upon the discussion of it in this place. It will hereaf\er 
demand our especial attention, when we shall have become familiar 
with the nature and origin of soils. 

I may be permitted, however, to draw your attention here for a mo-* 
ment— as neither out of place, nor uninteresting, for many reasons,— ^to 
an opinion expressed by Liebig on the question tuhy wheat prefers stiff 
and clayey soils. **• Again," he says, ** how does it happen that wheat 
does not flourish in a sandy soil, and that a calcareous soil is also un- 
suitable for its growth, unless it be mixed with a considerable quantity 
of clay ? It is because these soils do not contain alkalies in sufficient 
quantity, the growth of wheat being arrested by this circumstance, even 
should all other substances be presented in abundance.**^ [Organic 
Chemistry applied to Agricutture^ p. 151,] 

Without dwelling on the fact that excellent crops of wheat are reaped 
in some parts of our island from sandy and calcareous* soils— >what kind 
of crops, we may ask, can be reared with success on the lighter soils to 
which wheat seems least adapted ? The turnip rejoices in light land, 
and the potato not unfrequently attains the greatest perfection on a sandy 
soil. Yet ten tons of potato^ roots, or twenty of turnip bulbs,— exclu- 
sive, of the tops— contain necerly ten times as much of the two alkalies, 
potash and soda« as fifty bushels of wheat with its straw included.f 
What ground is there, then, for the explanation given by Liebig— of the 
peculiar qualities of the so-called wheat lands? We might with far 
greater show of reason assume the converse of his proposition, and inter 
that wheat does not prefer sandy soils, because they are too rich in alkali! 
It is singular, and would almost seem to strengthen this converse propo- 
sition, that beans, peas,. and vetches, which are so ofleh resorted to as a 
good preparative for wheat, contain also a much larger quantity of alkali 
than the latter grain. Thus the grain and straw together of twenty-six 
bushels of beans contain 71 lbs., of twenty bushels of f^as 26 lbs., and 
of twen^ bushels of vetches 74 lbs. of potash and soda taken together. 

As X have already stated, however, we are not yet prepared for dis- 
cussing this very curious and interesting question. 

* Oa tho Ihta chalk loUg of the Yorkchin Wold* a ctop of wheat la taken every four or 
five years, yieMing an average of 91 or 26 buahels. The rotation is turnips, barley, elover or ' 
beaoa, wheat 

t Aeeordinf to the analyses of Sprengel given in the prevloos pau'es, ten tons of {Mtatoea 
cMtaifi 143 lbs. of alkaties, twenty tons oftomipa 16i lbs., and ilfty bushels of wheat with 
Its aiiww only tflhi. 
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§ 5. Cy OU oUegeJ conttanof of the inorganic constiiuents of plants, m 
kind and quantity. 

In the preoedio|r lecture (is., p* 177), it was stated that the ash of the 
same plaot, if ripe and bealthv, is nearly the same in kind and qu^ity 
in whatever circumstances (if favourable) of soil and climate it may 
grow. This general observation, however, is consistent with certain 
diflferences in the above respect, which are not without interest in their 
bearingupoo agriculture both in theory and practice. Thus, ' 

1^. The different parts of the same plant contain quantities of inor- 
ganic matter, not only different in their gross weights, but unlike also in 
the relative proportions of the several substances of which the entire ash 
consists. Both of these points have been previously illostrated (pp. 179y 
180), and they are placed in the clearest light by the tabulated analyses 
Introduced into the preceding section. 

2^. The quantity and relative proportions of the different inorganic 
substances also vary with the season of the year at which the examina- 
tion is made. Thus, according to De Saussure, plants of the same wheat- 
which a month before flowering left 7*9 per cent, of ash, left when in 
-flower only 5*4, and when ripe 3*3 per cent. The quanthy of potash 
in the potato leaf diminishes very much as the plant approaches to ma- 
turity (Mollerat)— and the same has been observed in many saltworts 
and other sea-side plants. In the youne plant of the sahola davifoUa 
there is. much potash and no soda, but as its age increases the latter alkali 
appears, and gradually takes the place of the former.* 

It is probably true, therefore, of all plants-^that the ash both iQ kind 
and quantity is affected by the age at which the plant has arrived. It 
would appear that the nnlike-chemical changes which take place in the 
interior of the plant, at the successive periods of its growth, require the 
presence of different chemical agents— or that the production of new 
parts demands the co-operation of new substances. 

3®. Similar differences are sometimes observed also when the same 
plant is grown in different soils. Thus it is known that the straw of the 
oat grown upon boggy land is very different in colour and lustre, from 
that yielded by the same variety of seed, when grown upon sound and 
solid soil. I lately examined two such portions of straw fVom the same 
seed^-grown on the same farm on the estate Of Dunglass, the one on 
boggy, the other on sound stiff land, when the straw from the 
Sound land led 6*64 per cent, of ash, and from^the 
Boggy land ** 6*2 per cent, of ash ; 
while the »Uica contained in the ash from the 

Sound land amounted to 3*42 per cent«, and from the 

Boggy land ** to 1*90 per cent, of the weight of th^ straw. 

A remarkable difference, therefore, existed in the relatire proportumSa 

* Mef en, JfaftretSafAAf, 18S9, p. 196^ bi regard to tbeee •alt.IoTiiif plente, whieh fenenllf 
•boaiKl in Boda, a cwrtocie obeervetton wee longafo made by Oadet Heatatee that if a plant 
of eommoo aalt^wort iaakUa mUy be tranaplanted into an inland diatiict— and aeed ftom ttile 
plant be afterwarda aown, the aeeond raoe of planta will contain nracb potaab, but aoaieely a 



trace of aoda.— Omelfai** HtmiXmch^ CkmU^ Ut p. 1498. Polaah majr that take ime 
place of aoda for a time, bat removed firom ita naUve Ao^jtot, the plant woaU In • finr §«•••> 
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it least of the silica, in these two varieties of straw, and this diflerence 
can be attributed only to the unlike nature of the soils in which the two 
samples were grown. But on boggy soils the oat plant is unhealthy, 
and in general neither fills its ear, nor ripens a perfect seed ;-^the dif- 
ference in the ash in this case, therefore, cannot be considered as entirely 
opposed to th§ general proposition, that in a healthy state, plants at 
tae same perKxl of their growth always yield nearly the same weight 
ofash. 

But that diderent experimenters have obtained very unlike quantities 
ofash, from the most common cultivated plants, apparently m a state 
of beakb, when grown under different circumstances of soil and climate, 
-^oes appear to contradict this general proposition. Thus 100 lbs. of 
9^ icAeot «<rau? leave of ash 

4*3 lbs. De Saussure ; 
4'4 lbs. Berthier; 
3^ lbs. Sprengel ; 
16-5 lbs. Sir H. Davy ; 
while the straw of one variety of red wheat grown on a clay-loam, at 
Avkley Heads, near Durham, gave me 6*6 per cent., and that of two 
other varieties of red wheat, jprown near Dalton, in Ravensworth Dale, 
Yorkshire, a country abounding in limestone — and on the same field- 
left respectively 12*15 and 16*6 per cent, of ash. The difference of 4 
per cent, between these last two results, shows that the quantity of ash 
depends ipuch upon the variety of grain examined — though to what ex- 
tent all the great diflferences obtained, as above shown, are to be ascribed 
to this cause illone, it is impossible to'say, until numerous other experi' 
ments shall have been instituted. 

One thing, however, is manifest, that the quantities of inorganic mat- 
ter necessarily contained in a crop of wheat, given in a previous page 
^216) on the authority of Sprengel, must be considered as probably 
b^w the mean proportion, since some varieties yield, in the form 
of ash, about six times as much as is there stated. 

Every one knows how uncertain general conclusions are,— or expla-. 
nations of natural phenomena,— when deduced from single observations 
only, and of this truth the above results present us with a useful illus- 
tration. Thus L>Cbig, in his Oreanie Chemistry applied to Agrictdture 
p. 152, to which we have had frequent occasion to refer— explains 
why land will reAise to grow wheat, and may yet produce good crops 
of oats or barley in the following manner :^*' One hundred parts of the 
stalks of wheat yield 1&»5 parts oi ashes (IJ. Davy) : the same quantity 
of the dry stalks of barley 8*54 (Schrader^, and one hundred parts of the 
stalks of oats only 4*42. Th& ashes of all are of the same composition. 
We have in these facts a clear proof of what plants require for their 
growth. Upon the same field whieh will yield only one harvest of 
wheat, two crops of barley and three of oats may be raised.'* 

Id this passage it has been assumed that the ash of wheat and other 
strawa is constant in quantity, that wheat straw always contains much 
more than that of oats or barley, and that the ash is in each ease of the 
tame composition (see above, pp. 216 to 217),— >all of which premises 
being incorrect, die conclu»M>n must of course be rejected. 

But th^ straw of barley and oau also, according to different authorities, 



936 ASH FROM OAT AND BAEUT STRAW ALSO YARIASLE. 

leaves veiy nnlike quantities of a^. Thus, according to Sprengel and 
Scbrader, 100 lbs. of 

sprengel. Bchrader. , 

Oat Straw leave . 6-74 Jbs. 4-42 lbs. 6-6 J. 

Barley straw . . 5'24 lbs. 8-64 lbs. 
We cannot belp conceding, therefore, generally, in regard to the cereal 
grasses, (hat different varirtiks, at least, of the same plant, may contain 
inorganic matter in different proportions. 

But certain analyses which have been made seem to demand a still 
fprther concession. Thus De Saussure found that the ash left by the 
same tree or shrub— by the fir or the juniper for example— -difiered both 
in kind and in quantity, according as it grew upon a granitic or calca* 
reous soil. Berthier also found the ash of a piece of Norway pioe (ft- 
nns abies) to difier very much from that of the wood of the same pine 
grown in France. From these and a few other observations, the con- 
clusion has been very generally drawn by vegetable physiologists, tbat 
the ash of plants in general is 4ietermined both in kind and quantity by 
the soil in which they grow. 

Tills is very likely to be true to a certain extent, as we have seen ia 
the straw of the bog oat above adverted to, but a sufficient number of 
accurate comparative analyses of the ash of cultivated plants* has noc 
yet been published, to enable us to determine the precise influence of the 
soil in all cases. It is impossible, however, that the ' prevailing charac- 
ter of the soil can have more than a general influence on the character c^ 
the ash of any living vegetable— «o long a* Ou plant retams a healthy 
state. The experiments of De Saussure do not appear to have been 
made with sufficient care,f while the only comparative experiment of 
Berthier is open to objections of another kind. 

I have said that the quantity and kind of the ash is likely to be afleeted 
by the character of the soil to a certain extent. The following considera- 
tions seem to embody nearly all the sources of such variation, of which 
we can at present speak with any degree of certainty :— 

1^. Plants at difierent periods of their growth rec]uire for the produc- 
tion of their several parts, and therefore appropriate from the soil,difler- 
ent inorganic substances \t hence the ash will vary with the age of the 
plant. 

* Fire ■unplM of the wune vuriety of whSat (Hontar't wheat) grown on different soQt ia 
the neighlMiuhood of Haddington, gave me very nearly the aame prbportlons of mah. Tbaa 
the sample gi^wn on a 

^ Pet Cfint, 

1^. I>eep reddiah clay loam, tubtoQ gravel, left 1776 

2<>. Red elay on gnrel 1-7S7 

30. Stiff day on retenUve aubeoU 1-903 

40. IJght clay on rather retentive rabaoll . . 1-917 
60. Light turnip land ......... l-SM 

These reaalta approach very near each other. The dUTorencea are perhaps too slight to 
joaiify us in concluding that the ash Is greatest in quantity when the subsoil ia most reten* 
tive. 

t The aceoraey of De Siossura's aaalvses Is rendered very doubtful by the foet tbat. in 
the aah of o't the different trees and shrubs he examined, he found a laige qnantiQr, in that 
of the juniper as much as 43 per cent of alumina, and ^In that of the pine from 12 to 16 per 
cent, while Berthier, whose sitlll Is undisputed, found no alumina in the ash of any of the 
numerous trees on which his experiments were made. 

I This fact Indicatea an exeeedinglv intereatiiu| field of chemical research In coimectkw 
with practical agrlculUire. What substance will bring this or thst seed Into early leaf 1~ 
w|M Witt baaUn ttagrawUi In middle life T— what will bring k Iq early maturity 1 Tlie wiieat 
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2^. If the substances necessary for the perfection. of one or mote parts 
of a plant aboanci in the soil, its chief developement will take the direc-. 
tidn of those parts. Thus one plant will run to leaf or straw, another to 
flower and seed. Thus also in the grain of one crop of wheat more glu- 
ten is produced than in that of another, and as this gluten appears to. 
contain the phosphates of lime and magnesia, as essential constituents^ 
die ash will necessarily vary with the gluten of the seed. 
- 3^. Some substances appear to enfer into the circulation of plants not 
•0 much as actual and necessary constituents of the parts of the vegetable,' 
$s to serve as media or agents by which other compounds, both organic, 
and inorganic, may be conveyed to the plant. Thus common salt ap- 
pears to enter many platits for the purpose of supplying soda, its chlo- 
rine being discharged by the leaf. Siliea enters the plant chiefly in the 
fbm of silicaie of potash or soda. When it reaches its proper destina- 
tioi^— 4he stalks of the grasses for instance — ^this silicate is decomposed 
chiefly by the carbonic acid« which is always present in. the pores of the 
green stem, the silica is deposited and the alkali proceeds downwards 
with the sap as a soluble carbonate, or in combination with some other 
organic acid. Thus the same portion of alkali may return many times 
into the circulation with this or with other materials which the parts of 
the plant require, and every new burden it deposits will necessarily 
causes new variation in the relative proportions of the several inorganic 
constituents which are afterwards detected in the ash. 

4^. As the water which enters by the roots always brings with it some 
soluble substances, the quantity of these conveyed into the plant will be 
material W affected by the amount of evaporation from the leaves; and 
hence, after a long drought, the leaves of the turnip, the potato, and 
other plants, will yield a larger proportion of ash than will be obtained 
from theip in moist and rainy weather. 

5^. In the mineral kingdom it is found that one substance may not 
unfrequently take the place, and perform the functions, of aitbther. Thus 
potash and soda replace each other in certain minerals^ as do also lime 
and magnesia and the phosphoric and arsenic acids. It has been sup- 
posed that a similar interchange may take place in the vegetable king- 
dom — that when the plant cannot get potash it will take soda— that 
when it can get neither, it will appropriate lime,— -and so on. Such a 
conjectural interchange may possibly take place in a small degree, for a 
limited lime, and in certain plants, l?v'ithout inateriaUy affecting their ap- 
parent health — but it is not by trusting to such resources of nature that^ 
a luxuriant vegetation or plentiful crops will ever be reared by the prac- 
tical agriculturist. 

Admitting, however, all these sources of variation in the kind and 
quantity of the ash obtained from different plants, the sound practical 
conclusions from all we know on the subject at present seem to be— 

1*^. That cenain inorganic substances, in certain proportions, are ne- 
cessary to all plants usually cultivated for food-rif they are to be reared 
CMT maintained in a healthy state. 

•talk and the f»otato require more potash while In rapid growth. This growth maj ht con> 
tiiioed and proloDged bj Uie preeeaee of ammoola ; while lime ie said to Iniiig it looner to 
H eloae, and to give an earlier banrett How valuable would be the maUipUcatlon of aneb 
Ibfita! 
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9®. That we must seek lor these neeeuary substances io die ioorgaDie 
coDStitaeDts which are present in the richest crops of every kind— in the 
produce of the most fertile soils.* 

. 3^.. That where these necessary substances are not present in any 
soil, we may infer that it will prove unfit to yield a luxuriant crop of a 

Siren kind ; or, on the other hand, where these substances are not to be 
etected in the ash of the plant, that the fault of the crop, if any, may be 
ascribed to their partial or total absence from the soil on which it grew. 
These conclusions form the basis of an enlightened and scientific prac- 
tical agriculture. This basis, however, requires to be strengthened and 
enlarged by further experimental investigations. 

* **I Iwtvtt «apihwd,** my flonage], **!}» fiiMit M6d-eonMi from nany loealtiea, «mII 
lytve inTurtebly fouod Uie qfmomf not only of Um oi|uiie tubilaliceo—itweb, ousur, *«.— 
Int ateo of tt|0 inoifanlo eompoonds In all the celebnt«d ■eed-eorns, ao perfectly alike, that 
oM wiMld tart tMOflit tho^ tad all grown on oneaad tlie aama aoQ.**— Xcftre vom XNcitftr, 



LECTURE XI. 

Mature and origin of Milg.— OiYanie matter in (he aoiL— GenenJ eonadtatlon of the atith/ 
>a«t ofllMaoiL— Claaafficatloii of aoils from their ehemleal oooiitltaeBt&— Method of ap- 
proximaCe ajial/ais for the parpoaea of claaaili<;atk»ii.~«eoeral origin of aoUa and aybaoUa. 

. —Structure of the earth'a cruet— Stratjlied and uaatraiifled rocka.— Crumbling or degra' 
datfon of roelCB^^Oiyeraify of aoHa produced.— Superficial accumulatloQa.— I^bokr flew 
of the character and agiieultunl capaUUtieaof the aoUa of the diifereot parts of OreaC 
Britahi. . 

Such are the inorganic compounds which minister to the growth of 

{)1 ant's, and such the proportions in which they severally occur in the 
iving vegetable. Whence are these inorganic constituents all derived 7 
We have seen that the atmosphere, when pure, contains no inorganic 
matter, and that if dust, spray, or vapours occasionally float in the air, 
ind are carried by the winds to great distances— yet that they are 
onl^ accidentally present, and cannot be regarded as a source from 
which the general vegetation of the globe derives a constant supply of 
those mineral substances which are necessary to its healthy existence. 

The soil on which they grow is the only natural source from which 
their inorganic food can be derived. We are led, therefore, as the next 
subject of our study, to inquire into the nature and origin of soils.* 

§ 1. Cffthe organic matter in the soil. 

Soils difier much as regards their immediate origin, their physical 
properties, their chemical constitution, and their agricultural capabili- 
ties ; yet all soils which in their existing state are capable of bearing a 
profitable crop, possess one commoD character— ihey all contain organic 
matter in a greater or a less proportion. 

This organic matter consists in part of decayed animal, but chiefly of 
decayed vegetable substances, sometimes in brown or black fibrous por- 
tions, exhibiting still, on a careful examination, something of the origi- 
nal structure of the organized substances from which they have been de- 
rived— •sometimes forming only a fine brown powder intimately inter- 
mixed with the mineral matters of the soil— sometime scarcely percep- 
tible in either of those forms, and existing only in the state of organic 
compounds more or less void of colour and at times entirely soluble in 
water. In soils which appear to consist only of pure sand, or clay, or 
chalk, organic matter in this latter form may oflen be detected in con- 
iiderable quantity. 

The proportion of organic matter in soils which are naturally produc- 
tive of any useful crops, varies from one-half to 70 per cent, of their 
whole weight. With less than the former proportion they will scarcely 
support vegetation— with more than the latter, they require much ad- 
mixture before they can be brought into profitable cultivation. It is 

* On the saMeet of thfe and the followf or lecture, the reader wiU eoneutt with advaatag* 
am •zeoUent little work, **Onthe naiwt andpropertp ofmUa^** by Mr. John Mocton. 

30 
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only in^boffgy and peaty soiU that the latter large proportion is ever 
found — ^in me best soils the organic matter does not average five per cent., 
and rarely exceeds ten or twelve. OaU and rye will grow upon land 
containing only one or one and a half per cent.^barley where two or 
three per cent, are present— but good wheat soils contain in general from 
4 to 8 per cent., and, if verv stiff and clayey, from 10 to 12 per cent, 
may occasionally be detected. 

Though, however, a certain proportion of organic matter is always 
found in a soil distinguished for iu fertility, yet the presence of sochsub* 
stances is not alone sufficient to impart fertility to the land. I do not 
allude merely to such as, like peaty soils, contain a very large excess of 
vegetable matter, but to such also as contain only an average proportion. 
Thus of two soils in the same neighbourhood^the one contained 4*05 
per cent, of organic matter, and was very fruitful— 4he other 4*19 per 
cent., and was almost barren. This fact is consistent with what has been 
stated in the two preceding lectures, in regard to the influence exercised 
b^ the dead inorganic matter of the soil, on the general health and luxu- 
riance of vegetauon. 

§ 2. Oeneral comtituthn of the earthy part of the mU. 

From what is above stated, it appears that, on a general average, the 
earthy part of the soil in our climate does not constitute less than 96 per 
cent, of its whole weight, when free from water. This earthy part con- 
sists principally of three ingredients :«- 

1°. 0( Silica, siliceous sand, or siliceous gravel— -of variouf degrees 
of fineness, from that of an impalpable powder as it occurs in clay soils, 
to the larse and more or less l^unded sandstones of the gravel beds. 

2°. Ammina — generally in the form of clay, but occasionally occur- 
riiig in shaly or slaty masses more or less hard^ intermingled with the 
soil. 

3^. Lime, or carbonate of lime— ip the form of chalk, dr of fragments 
more or less large of the various limestones that are met with near the 
surface in difierent countries. Where cultivation prevails it oflen bap- 
pens that all the lime which the soil contains has been added to it for 
agricultural purposes — ^in the (brm of quick-lime, of chalk, of shell-sami, 
or of one or other of the numerous varieties of marl whith difierent dis- 
tricts are known to produce. 

It is rare that a superficial covering is anywhere met with on the 
surface of the earth, which consists solely of any one of these three sub- 
stances — a soil, however, is called sandy in which the siliceous sand 
greatly predominates, and calcareous^ where, as in some of our chalk 
and limestone districts, carbonate of lime is present in considerable abun- 
dance. When alumina forms a large proportion of the soil, it constitutes 
a clay of greater or less tenacity. 

The term clay, however, or pure clay, is never used by writers on 
iigriculture to denote a soil consisting of alumina only, for none such ever 
occurs in nature. The pure porcelain clays are the richest in alUmina, 
but even when free from water they contain only from 42 to 46 per cent, 
of this earth, with from 62 to 68 of silica. These occur, however, only 
in isolated patches, and never alone form the soil of any considerable 
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district. The strongest clay soils which are anywhere in euUivetion 
rarely contain more than 35 per cent, of alumina.* 

Soils in general consist in great part of the three substances above 
named in a state of mechanicaT mixture^ This is always the case with 
the siliceous sand and with the carbonate of lime«<-hut in theclays the 
silica and the alumina are, for the roost part, in a state of cAenueal com* 
bination. Thus, if a portion of a stiflTclay soil be kneaded or boiled 
with repeated portions of water till its coherence is entirely destroyed, 
end if the water, with the finer parts which float in it, be then poured 
ioto a second vessel, the whole c^ the soil will be separated into two por* 
tions-^a fine impalpable powder consisting chiefly of clay, poured off 
with the water, and a quantity of siliceous or other sand in particles of 
various sizes, which will remain in the first vessel. This sand was 
only mechanically mixed with the scnl. The fine clay retains still some 
mechanical admijuures, but consists chiefly of silica and alumina chem- 
ically combined. 

Of the porcelain days above alluded to, there are several varieties, 
three of which, containing the largest proportion of alumina, consist res* 
pectivelyof*— ^ 

I. II. III. 

Silica . • 47-03 46-92 460 
Alomma . 39-33 34.81 40-2 
Water . . 13-74 18-27 13-8 

10000 10000 lOOOf 
But, as already stated, these clays rarely form a soil— the stiffest 
clays treated by the agriculturist containing a further portion of silica, 
some of which m mechanically mixed, and can be partially separated by 
mechanical means. 

The stmngest agricultural clays {pipt'claysS of which trustworthy 
analyses have yet been published, consist, in the diy slate, of 56 to 62 
of silica, from 36 to 40 of alumina, 3 or 4 of oxide of iron, and a trace of 
limei Clays of this composition are distinguished by ^he foreign agri- 
cultural writers as pure clays. They are all probably made up of some 
ot the varieties of porcelain clay, more or less intimately mixed with 
siliceous and ochrey. particles— in so minute a state of division that they 
cannot be separated by the method of decantatioii above described. 

These days are adopted by the German and French writers as a 
standard to which they can liken clay soils in general, and by compari- 
son with which they are enabled distinctly to classify and name them. 
As the use of the term day in this sense has been introduced into Eng- 

* In «n tetarMthif pftpertm satMoil plDiii^fafaiif hj Mr. H. 8. TtiompMm, In ai« report of 
the Yorkshire Afriealtaral Bociety for 1837, p. 47, It to stated that the lias claya, which form 
the sMiMoU io certainparts of TorUhire, conUdn ■oaietimea, in the dry staUf a» mueh at M 

t Whes lieatMl to redneM Um whole of the Wftter !■ driven off frotti UieM clajrt, sad they 

«^««iM»n-«*gijj^f-_ ^^ ^^ ^^ 

Alumina 46& 42-6 46*6 

...... lOOrO IQOO ' lOOO 

wMch nmnhirttfie la scoordsnee wtththeae flTea at the foot of the preeedlof page. 
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lish agricultural books,* and as it is really desirable to possess a word to 

which the above meaning can be attached, I shall venture in future lO 
eiuploy it always suictly In this agrieuUural sense. 

By alumina, then, I shall in all cases express the pure earth of alum, 
which exists in clays, and to which they owe their tenacity — by ci«at, a 
finely divided ehetmcal compound, consisting very nearly of 60 of siii^M 
and 40 of alumina, with a Mile oxide of iron, and from tohich no sUieeous 
or sandy matter can be separated meehanically or by decantation. 

Of this clay the eanhy part of all known soils is made up by mere 
mechanical admixture with the other earthy constituents (sand and 
lime), in variable proportions. On a knowledge of these proportions the 
following general classification and nomenclature are founded. 

^Z* Of the elass^icaiion of soils from their chemical eonstituenU* 
Upon the principles above described soils may be classified as GA* 
lows: — 

l'^. Pure day (pipe-clay) consisting of about 60 of siliea and 40 of 
alumina and oxide of iron, for the most part chemically combined, it 
allows no siliceous sand to subside when diffused through water, and 
rarely forms any extent of soil. 

2°. Strongest day soil (tile-clay, unctuous clay) consist* of pure clay 
mixed with 5 to 15 per cent, of a siliceous sand, which can be separated 
from it by boiling and decantation. . . 

3^. clay loam difiers from a clay soil, in allowing from 15 to 30 per 
cent, of fine sand to be separated from it by washing, as above described. 
By this admixture of sand, iu parts are meehanically sepacatedt and 
hence its freer and more fHable nature. 

4^. A lixvny soiL deposits from 30 to 60 per cent, of sand by mechani- 
cal washing. 
5^. A swtdy loam leaves from 60 to 90 per cents of sand, and 
6°.' A sandy soil contains no niore than 10 per cent, of pure clay* 
The mode of examining with the view of .naming soils, as above, is 
▼ery simple. It is only necessary to spread a weighed quantity of the 
soil in a thin layer upon writing paper, and to dry it for an hour or two in 
an oven or upon a hot plate, the heat of which is not sufficient to dis- 
colour the paper— the loss of weisht gives the water it contained. While 
this is drying, a second weighed portion may be boiled or otherwise, 
thoroughly incorporated with water, and the whole then poured into a 
vessel, in which the heavy sandy parts are allowed to subside until the 
fine clay is beginning to settle also. This point must be carefully - 
watched, the liquid then poured off^ the sand collected, dried as befibre 
upon paper, and again weighed. This weight is the quantity of sand 
in the known weight of moist soil, which by the previous experiment has 
been found to contain a certain quantity of water. 

Thus, suppose two portions, each 200 grs., are weighed, and the one 
in the oven loses 50 grs. of water, and the other leaves 60 ^ of sand, 
—then, the 200 grs. ot moist are equal to 150 of dry, and this 150 of dry' 

* Am In BrUith Htubandry, p. 113, tod in Lwdon't BnevdojMdia 9f Agrieuihtn^ p. S18| 
where cliieiflfrtone of ■oils are given chiefly from Von Thaer, tfaoofh neither work ex* 
hiUuiwicheoflteieDiproniineaeetEemenninfrtobeatt»cbedto4vrAw/mraieiii|r, ne \Um\m 
fuiebed fconk ahimbaa, iometlnee celled jmre da^ by Um chemiflL 
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soil contain 60 of saod, or 40 id 100 (40 per cent.) It would^ therefore, 
be properly called a loam, or loamy soiL 

IB at the above classification has reference only to the clay and sand, 
while we know that lime is an inaportant constituent of «oifs, of which 
they are seldom entirely destitute. We have, therefore, 

7°, Marly soils, in which the proportion of lime is more than 5 but 
does not exceed 20 per cent, of the whole weight of the dry soil. The 
marl is a sandy, loamy, or clay marl, according as the proportion of 
clay it contains would place it under the one or other denomination, sup- 
posing it to be entirely free from lime, or not to contain more than 5 per 
eent., and 

8°. Calcareous soils, in which the lime exceeding 20 per cent, becomes 
the distinguishing constituent. These are also calcareous clays, calca- 
itfous loams, or calcareous sands, according to the proportion of clay and 
tand which are present in them. 

The determination of the lime also, when it exceeds 5 per cent., i«- 
attended with no difficulty. 

To 100 grs. of tlie dry soil difiused through half a pint of cold water, 
and half a wine-glass full of muriatic acid (the spirit of salt of the shops), 
stir it occasionally during the day, and let it stand over-night to settle. 
Pour oflTtfae clear liquor m the morning and fill up the vessel with water, 
to wash away the excess of acid. When the water is again clear, pour 
it off, dry the soil and weigh it — ^the loss will amount generally to about 
one per cent, more than the quantity of lime present. The result will 
be sufficiently neary however, for the purposes of classification. If the 
loss exceed 5 grs. from 100 oi the dry soil, it may be classed among the 
marls, if more than 20 grs. among the calcareous soils. 

Lastly, vegetable matter is sometimes the characteristic of a soil, 
which gives nse to a further division of 

^^.^Vtgetc^U mmMs, which are of various kinds, from the garden 
mould, which contains from 5 to 10 percent., to the peaty soil, in which 
the organic matter may amount to 60 or 70. These soils also are clayey, 
loamy, or sandy^ according to the predominant character of the earthy 
admixtures. 

The method of determining the amount of vegetable matter for the 
purposes of classification, is to dry the soil well in an oven, and wei^h 
it; then to heat it to dull redness over a lamp or a bright fire till the 
combustible matter is burned away. The loss on again weighing is the 
quantity of organic matter. 

Sommary.^Tbe several steps, therefore, to be taken in examining a 
•oil with tHe view of so far deternaining its constitution as to be able pre* 
cisely to name and classify it, will be best taken in the following order >-f- 

1<>. Weigh 100 grainsjsf the soil, spread them in a thin layer upon 
white paper, and place them for some hours in an oven or other hot 
place, the heat of which may be raised till it only does not discolour the 
paper^ The loss is water. 

2*^. Let it now (after drying and weighini^) be burned over the fire as 
above described. The second loss is organic, chiefly vegetable matter* 
with a little water, which still remained in the soil after drying. 

3°^ After being thus burned, let it be put into half a pint of water . 
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with balf a wine-glan full of spirit of salt, and frequently stirred. 
When minute bubbles of air cease to rise from the soil on settling, this 
process may be considered as at an end. The loss by this treatment 
will be a little more than the true per centage of lime,* and it will gen* 
erally be nearer the truth if that portion of soil be employed which has 
been previously heated to reduces. 

4°. A fresh portion of the soil, perliaps 200 grs. in its moist state, may 
DOW be taken and washed to determine the quantity of siliceous sand it 
contains. If the residual sand be supposed to contain calcareous matter 
its amount may readily be deterifiined by treating the dried sand with 
dUuted muriatic acid, m the same way as when determining the whole 
amount of lime (21°.) contained in the unwashed soil.f 

Let me illustrate this by an example. 

£xamp2e.— Along the outcrop of some of the upper beds of the green 
sand in Berkshire, Wiltshire, and Hampshire, and probably aUo in 
Buckingham and Bedford, occur patches of a loose friable grey soil 
mixed with occasional fragments of flint, which is noted for producing 
excellent crops of wheat every other year. It is known in the valley of 
Kingsolere, at Wantage, and Newbury. I select a portion of thia soil 
from the latter locality for my present illustration. 

1°. After being dried in tfaie air, and by keepitig some time in pa))er, it 
was exposed for some hours to a temperature sufficient to give the white 
paper below it a scarcely perceptible tinge : by this process 104| gi». 
lost 4 ffrs. 

2°. when thus dried, it was heated to dull redness. It first black* 
ened, and then gradually assumed a pale brick colour, the change, of 
course, beginning at the edges. The loss by this i))»ce8s was 4| ps. 

3°. After thisheatioff, it was put into half a pint of pore nun water 
with half a wine-glass full of spirit of salt. AAer some hours, when the 
action had ceased, the soil was washed and dried again at a dull red 
heat. The loss amounted to 3 grs. 

The soil, therefiire, contained 

Water ...••.«. 4 grs. 
Organic matter (less than) • • 
Carbonate of lime (less than) • 
Clay and sand ••..•• 

104| 
4^. By boiling and washing with water, 291 grs. of the ondried soil 
left 202i grs. of very fine sand chiefly siliceous, — 104i| therefore, would 
have left 73 grs., or the soil contained per cent.— 

' A more riforons method of dttermloing the lime when lets than 6 per ecnt wHI be 
gt9%n In the following lecture. 



t The weifhlnts for the pnrpoeee here deeeribed may be made hi a aaall baiaaee wUh 
grain weights, eold by the draggiste for 6e. or 6e., and the Tcgetabie matter may be boraed 
away on a slip of sheet Iron orTn an ontinned iron tablespoon over a brifht cinder or char- 



coal fire— care being taken that no scale of oxide, which may be fonned on Che Imn, be al> 
lowed to mix with the soil when cold, and thus to iqcretase its weight. Those who are i» 
elined to perform the latter operation more neatly, may obtain for about 6a. each — from the 
dealers in chemical apparBtus--(hln light platinum capsules from 1 to t^( inches In diame- 
ter, capable of holding 100 grs. of soir^-and fur a few shillincs more a spirtc lamp, over 
which Uie vegetable matter of the soil may be biumed away. With care, one efUiess Utile 
capaolea will serve a life-lime. 
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Water. •..♦.... 3*9 percent. 
Organic maUe^ (less than) . - 4*1 
Carbooate of lime (iess than) . 3*0 

Clay 19-0 

Sand (very fine) 70.0 

lOO-O* 
This soil, therefore, eoDtaiiiing 70 per cem. of sand, aeparable by 
decanlatioD, is properly a $andy loam. 

• § 4. Of the distingvithing characters of soils and subsoils. 

Beneath the immediate surface soil, through which the plough makea^ 
its way, and to which the seed is entrusted, lies what is commonly dis* 
cinguished hy the name of subsoiL This subscHl occasionally consists 
of a mixture of the general constituents of soils naturally different from 
that which forms the surface layer— as when clay above has a sandy 
b^ below^ or a light soil on the surface rests on a retentive clay beneath. 

This, however, is not always the case* The peculiar characters of 
the soil and subsoil often result from the slow operation of natural causes. 

In a mass of loose matter of considerable depth, spread over an extent 
of country, it is easy to understand how— even though originally alike 
through its whole mass— a few inches at the surface should gradually 
acquire di^rent physical and chemical characters from the rest, and 
how there should thus be gradually established important agricultural, 
distinctions between the first 12 or 15 inches (the soil), the next 15 (the 
subsoil), and the remainiog body of the mass, which, lying still lower, 
does not come under the observation of the practical agnculturist. 

On the surface* plants grow and die. Through the first few inches 
their roots penetrate, and in the same the dead plants a^e buried. This 
portion, therefore, by degrees, assumes a brown colour, more or less dark, 
according to the quantity of vegetable matter which has been permhted 
to accumulate in it. Lito the subsoil, however, the rcxits rarely pene- 
trate,, and the dead plants are still more rarely huried at so great a depth* 
Still this inferior layer is not wholly destitute of vegetable or other or* 
ganic rtiatter. However comparatively impervious it may b^, still water 
makes its wav through it, more or less, and carries down solvJble organic 
suhstaneeSi which are continually in the act of being produced during the 
decay of the vegetable matter lying above. Thue, though not sensibly 
discoloured by an admixture of decayed roots and stems, the subsoil in 
reality contains an appreciable quantity of organic matter which may 
be distinctly estimated. 

Again, the continual descent of the rains upon the surface soil washes 
down the carbonates of lime, iron, and magnesia, as well as other soluble 
earthy substances^t even, by degrees, carries down the fine clay also,^ 

* Some of these numbera differ by a mtnnte fiuedoa from those fn the preeediof page : 
Chlfl is because they are calculated from the more correct decimal fractions contaioed In mT 
own note-boolc The organic matter is said to be few than the number here given, because 
by simple drying, as here prescribed, the whole of the water cannot be driven oflf-^-a portion 
behig always rerained by the clay, which is not entirely expelled, till the soil is raised nearly 
Co a red beat Hence the loss by this second heating must always be greater than the actual 
weight of organic matter present. The lime is also leu than the nnmber given, because, a*- 
sdready stated, the acid dissolves a little aliimina as w^U as any carbpoate of magnesia which 
umj be preseat. 
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,80 as gradually to esiablish a more or less manifest difierence between 
the upper and lower layers, in reference even to the earthy ingredients 
which they respectively contain. 

But, except in the case of very porous rocks or accumulations of earthy 
matter, these surface waters rarely descend to any great depth, and hence 
after sinking through a vai;iable thickness of subsoil, we come, in gene- 
ral, to earthy layers, in which little vegetable matter can be detected, 
and to which the lime, iron, and magnesia of the superficial covering 
has never been able to descend. 

Thus the character of the soU is, that it contains more brown organic, 
chiefly vegetable, matter, in a state of decay— -of the subsoil^ that the or- 
ganic matter is less in quantity and has entered it chiefly in a soiuhle 
state, and that earthy matters are present in it which have been washed 
out of the superior soil-— and of the subjacent mcus^ that it has remained 
nearly una0ected by the changes which vegetation, culture, and atmos- 
pheric agents have produced upon the portions that lie above it. 

From what is here stated, the efiect of irenchv and subsoil ploughing, 
in altering nKure or less materially the proportions of the orthy constita- 
ents in the surface soil, will be in some measure apparent. That which 
the long action of rains and frosts has caused to sink beyond the ordinary 
reach of the plough is, by such methods, brought agam to the surface. 
When the substances thus brought up are directly beneficial to vegeta* 
tion or are fitted to improve the texture of the soil, its fertility is increased. 
Where the contrary is the case, its productive capabilities may for a 
longer or 4 shorter period be manifestly diminished. 

^5. On the general origin (^ soils. 

On many parts of the earth's surface the naked rocks appear over 
considerable tracts of country t without any covering pf loose mate- 
rials from which a soil can be formed. This is especially the case in 
mountainous and granitie districts, and in the neighbourhood d active 
or extinct volcanoes, where, as in Sicily, streams of naked lava streteh 
in long black lines amid the surrounding verdure. 

But over the greater portion of our islands and continents the rocks 
are covered by accumulation^, more or less deep, of loose materials- 
sands, gravels, and clays chiefly— the upper layer of which is more or 
less susceptible of cultivation, and is found to reward the exerticMM of 
human industry with crops of com in greater or less abundance* 

This superficial covering of loose materials varies from a few toehes to 
one or two huodred feet in depth, and is occasionally observed to consist 
of diflerent layers or beds, placed one over the other— «uch as a bed of 
clay over one of gravel or sand, and a loamy bed under or over both. 
In such cases the characters and capabilities of the soil mast depend 
upon which of these layers may chance to be uppermost— and its char- 
acter may oAen be beneficially altered by a judicious admixture with 
portions of the subjacent layers. ' 

It is often observed, where naked rocks present themselves, either in 
clifTs or on more level parts of the earth, that the action of the rains and 
frosts causes their surfaces gradually to shiver oflT, crumble down, or 
wear away. Hence at the base of cliffs loose matter collects— on com- 
paratively level surfaces the crumbling of the rock gradually fornos a soil— 
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while from those which are '«ufl5ciently indioed the rains wash away 
llio loose materials as smm as they are separated^ and carry them down 
to the vallies. 

The superficial accuRiulations of which we have spoken, as covering 
the rocks lo many places to a depth of one or two hundred feet, consist 
of materials 4hus washed down or otherwise transported— by water, bv 
winds, or by other geological agents. Much of these heaps of transporteJl 
matter is in the state of too fine a powder to permit us to say frt)m whence 
it has been derived — but fragments of greater or less size are always lo 
be found, even among the clays and fine sands, which are sufficient to 
point out to the gkilful geolbgist the direction from which the whole has 
been brought, and often the very rocks from which the entire accumula- 
tions have been -derived. 

Thus the general conclusion is fairly drawu, that the earthy matter of 
«tt soils has been produced by the gradual decay, degradation, or crumbs 
Hng down of previously existing rocks. It is evident therefore — 

1**. That whenever a soil rests immediately upon the ruck from which 
it has been derived^ it may be expected to partake more or less of the 
composition and characters of that rock. 

a**. That where the soil forms only the surface layer of a considerable 
depth of transported materials, it may have no relation whatever either 
in mineralogical characters or in chemical constitution to the imavedi- 
BteW subjacent rocks. 

The soils of Great Britain are divisible into two such classes. In 
some counties an acquaintance with the prevailing rock of the district 
enables us to predict the general characters and quality of the soil ; in 
others— and nearly all our coal fields are in this case — the general 
character and capabilities of the soil have ix> relation whatever to the 
rocks on which t^e looSe materials rest, 

§6. On ike general strucltire of the earth^serusL 
Beneath the soil, and the loose or drifted matters on which it rests, we 
everywhere find the solid rock. This rock in most countries is seen— 
in mines, qfi^rries, and cliffs— to cobsist of beds or layers of varied thick- 
ness placed one over the other. To these layers geologists give the 
name of strata ; and hence rocks which are thus made up of many se- 
parate layers are called s/rafi/kfl^ rocks. 

But in some places entire mountain masses are met with, Jn which no 
parting into layers or beds is seen, but which appear to consist of one 
unbroken rock of the same material from their upper surface down- 
wards, and often as far beneath as we have been able to penetrate into 
the earth. Such rocks are said to be unsiraHfied. Among these are 
iQciuded the griRnites, the trap, green-stone, or basaltic rocks, and the 
lavas. Geologists have ascertained that all these unatratified rocks havOf 
like the volcajoic lavas, been in a more or less perfectly melted state*-* 
that dieir present appearance is owing iq the actioQ of fire^-and henea 
they are often called tgnepK^* rocl»B. They often also exhibit a more or 
iess cryetalHne or glassy structure, or. contain, imbedded in them, nu- 
rnerous regular crystals of minjeral substances; hence they are some'- 
times called also crystalUne rocks. The terms igneous, crystallioe, and 

* 8oitmAmespyr9geiUu*j productd by fire ; but this is an Bonecessarily hatd word. 



238 



rrEATirjKo A9d v?iaT&ATirisi» bock*. 



unstratifled, therefore, apply to the same class ofrocks^-the first indica- 
ting their arisin, the second their structure in the snuiU, the third their 
structure in &e large, as distinguished from that of the rocks which occor 
in beds. 

The following diagram exhibits the general appearance f>f the strati- 
fied rocks as they are found to occur In cootact with unstratified i 
in various parts of the globe >-* 




A represents an unstratified mountain mass or other similar rock rising 
up through the stratified deposits. The bending up of the edges o/'tiie 
latter indicates that afler the beds were deposited in a nearly level pota- 
tion, the mass A was intruded or forced up through them, carrying the 
broken edges of the beds along wii \i it. 

B shows the more quiet way in which veins or dykes of onstraiifie«| 
green-stone, or trap, or lava, cut through the beds wiiliout iiiaierially 
displacing them^-as if when in a fluid state it had risen up and filled a 
previously existing crack or chasm. In Devonshire, in the North of 
Scotland, and in Ireland, the granite rises in man^ |>laces exactly as it 
shown at A, and nearly all pur coal fields exhibit in their whin dykes 
numeroos illustrations of what is shown at 6* 

C and D exhibit the manner in which the strata overlie one another 
in nearly a horizontal position — 1, 2, 3, indicating different kinds of rock, 
—as a lime-stone, a sand-stone, and a clay— whkh again are subdivided 
into beds or thinner layers, by the partings exhibited m the wood-cut. . 

The stratified rocks lie sometimes nearly level or horizontal over large 
tracts of country— as in the above diagram,-*4ometrmes they are more 
or less inclined or appear to dip in one and to rise in the opposite direc- 
tion^-as if a surface, formerly level, had been pusited down at the one 
end and raised up at the other,— and sometimes they seem to rest entire- 
ly upon their ed^es. Upon the mode in which they thus lie, th^ unifor* 
mity of the soil, in a district where it reposes immediately on the rocks 
from which it is derived, is materially dependent. In the fbl1owtn||r di«« 
gram the surface from A to £ represents a tract of country in which the 




\^ c\^^^ 



Tocks have in diflerent parts these difiereot degrees of inclination, .at A 
verticcd, at B mora inclined, and from O to £ nearly horissontaL Now, 
it is obvious that if the outer surface of these several rocks cmmbte and 
form a soil which rests where it is produced-when the quality of the soil 
on every spot will be determined by the nature of the rock beneath. 
Hence, in proceeding from £ over the comparatively level strata, we 
shall find the soil pretty uniform in quality till we come to the fsdge of 
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the bed D, thence it will again be uniform, thou^ perhaps diflferent from 
the Tormer, till we reach the stratum C, when again it will prore uni- 
form over a considerable space till we begin to climb the hill to B. So 
the whole hiU-slde in ascending to B will be of one and the same kind 
of soil. But as we descend on the other side and pass B, we get upon 
the edges of the beds, and then as we proceed from one bed to another, 
the quality of the soil may vary every few yards, more or less, ac-^ 
cording as the members of this group of beds are more or less differ- 
ent from each other. But when we ascend the hill to A, where the 
beds, besides being vertical, are also very thin, the soil may change at 
almost every step, provided— which is, however, rarely the case among 
the rocks (slate rocks) which occur most frequently in this posit ion-^pro* 
vided the niineralogical characters of the several vertical layers be 8en« 
sibly unlike. Such dissimilarities in the angular position of the strata, 
as are represented in the above diagram, are of constant occurrence, not 
only in bur islands, but in all parts of the globe ; and they illustrate very 
clearly one important natural cause of that want of uniformity in the na« 
ture and capabtliiies of the soil which is more or less observable in every, 
undulating and in some comparatively level countries also. 

It may be stated, as the general result of an extended examination 
of all. the stratified rocks yet known— -that they consist of akematioos or 
admixtures of three kinds of rock only—Kif sand-stones, of lime-stones, 
and of 9lay8. The sand-stones are of various degrees of sdlidity and 
hardness, from the loose sand of some parts of the lower new-red and 
green-sand formations, to tlie almost perfect quartz rock not unfreqaently 
associated with the oldest strata. The lime-stones vary in like manner 
from the soft chalk to the hard mountain lime-stone and the crystalline 
statuary marble ; while the clays are found of all degrees of hardness 
from that of the London and Kimme ridge clays, which soften in water, 
to that of the roo6ng slates of Cumberland and Wales,— >and even to 
that of the gneiss rocks which rest immediately upon the granite, and 
which appear to be only the eldest clays altered by the action of heat. 

But the stratified rocks, though thus distinguishable into three main 
varieties— rarely consist of any one of these substances in an unmixed 
state^ The sand^stones not unfrequently contain a little .clay or lime, 
while, the lime-stones and clays are often mixed with sand and with 
each other. 

If the stratified rocks thus consist essentially of these three substances, 
the soils formed from them by natiiral crumbling or decay must have a 
sifuilar composition. A sandy soil will be formed from a sand-stone,— 
a calcareous soil from a lime-stone,"-<»a clay from a slate or shale,— and 
froni a mixed rock, a soil containing a mixture of two or more pf these 
earthy ingredients— in proportions which will depend upon the relative 
quantities of each which are contained in the rock from which they hav* 
been derived. 

' § 7. Relative positiana and peculiar characten of the several sttaUu 

1°. The several strata, or series of strata, which present themselves 

in the crust of the globe, always maintain the same relative positions* 

Thus the numbers 3, 2, 1, in the annexed diagram, represent three series 

cC beds k&owQ by tl^e names of the magnesian lime-stone, the lower new* 
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red sandUstone, aud ihe coal-nieasures, lying over each other in their 
natural positions^-ihe lime-stone uppermost, the sand-stone next, and 
the coat beneath both. Whenever these three rocks are met with, near 
each other, they always occupy the same relative position, the cool 
never appears above this lime^stone, and the sand-stone, if present, is 
always between the two other series of beds. The same is true of every 
other group of strata^-the order in which they are placed over each other 
is universally the same. 

2°. These beds are generally continuous also over very large areaa* 
or are found to stretch, without interruption, over a great extent of coun- 
try. Hence when they dip beneath other beds, as they are aeen'to do 
in the above diagrams, we can still, with a high degree of probability, 
infer their presence at a greater or less depth, wherever we observe on 
the surface those other beds which are known usually to lie immediate- 
ly above them. Thus, if in a tract of couiltry consisting of the magne* 
sian lime-stone (3) above-mentioned, it is known that deep valHes occur, 
it becomes probable that the soil in those vallies will rest upon, and may 
be formed from, the underlying red sand-stones or coal-measures ; and 
that it will therefore possess very difierent agricultural capabilities fiom 
the soil that generally prevails around it. Or in chalk districts, beneath 
which usually lies the green-sand, the presence of a deep valley cutting 
tfaiongh the chalk almost necessarily implies in the hollow a very differ- 
ent soil from that which is cultivated in the chalk wolds above. This is 
the case in the valley of Kingsclere, where the peculiar wheat sdl oc- 
ours, of which an approximate analysis has been given in page 234. 

3*^. It has been already stated that the stratified rocks, though so very 
numerous and so varied in appearance, yet consist generally of repeated 
altematbns of lime-stones, sand-stones, and clays, or of mixtures of two 
or more of these earthy substances. But the several series of strata are 
nevertheless distinguished from each other by peculiar and often well- 
marked characters. 

Thus some are sofl, crumble readily, and soon form a soil«-«while 
others, thou|fh consisting of the same ingredients, long refuse to break 
into minute fragments, and thus condemn the surface of the country 
where they occur to more or less partial barrenness. 

In others, again, the proportions of ftand or lime are so varied, from 
bed to bed, that the character of the mixture in each is entirely different 
-••40 tbftt while one, on crumbling down, will give a stiflTclay, another 
will produce a loam, and a third a sandy marl. 

Or, in some rocks the remains of vegetables are present in consideiv- 
ble quantity,— as in the neighbourhood of our coal-beds— or the bonies or 
shells of animals in greater or less abundance, by each of which the 
agrictihural characters and capabilities of the soils formed ffom them, 
will be mote or less extensively affected. 

Or lastly, the mixture of other earthy substances gives a |ieculiar 



TaeiE FECtTLIAR CHARACTERS ALSO CONTINUOUS. 241 

character to many rocks. Thus the per-oxide of iron, which iniparts 
their red colour to many 8tnita-*-as to the red sandstones-— influences 
not only the mioeralogical character of- the rock, hat also the quality of 
the soil which is formed by its decay. In like manner the presence of 
ma.^nesia, sometimes in large quantity, in many lime-stones, produces 
an important modification in the chemical constitution and mioeralogical 
characters of the rock, as well as in its relations to practical agriculture. 

In consequence of these and other similar causes of diversity, if not 
every stratum, at least every series of strata, exhibits distinguishing and 
characteristic peculiarities, by means of which it may be more or less 
readily recognized. On these peculiarities the special agricultural ca* 
pabilities of those parts of the globe in which each series of beds oocurs 
are in a great degree dependent. 

4". This peculiar character is also more or less continuous over very 
large areas. Tbiis if a given stratum be found on the surface in any 
part of England, and again in any part of Russia, the soil formed from 
that bed will generally exhibit very nearly the same qualities in both 
countries. A knowledge of the geology, therefore,-«-4hat is, of the kind 
of rock which appears on the surface in every part of a country—- ena- 
bles us to predict generally the kind of soil which ought to rest upon it, 
if it be not covered by foreign accumulations ;. while, on the other hand, 
a knowledge of the agricultural capabilities of any one district in which 
certain locks are known to lie immediately beneath the soil, and of the 
agricultural practice suited to that district, will indicate the probable ca- 
pabilities of any other tract in which the same kind of rock is known to 
Appear on the surface, and of the kind of culture which may be most 
Mtccessfnlly applied to it. 

It is evident, then, that a familiar acquaintance with the general 
characters and relative positions of all the series of strata that have hith- 
erto been observed, and of the classification of rocks considered geologi- 
cally, to which this knowledge has led, must be fitted to throw much 
light upon the principles of a general» enlightened, and pbilooDphieal 
agriculture. 

§ 8. Clau^Uation of (he stratified rocks^ their extent, and the agricultu- 
ral reUttidns rfffie BoiU derived from ihem. 

It is a received principle, I may say rather, an obvious fact, that in 
the crust of the eiirtfa, as in the wallsof a building, those layers which lie 
lowest or undermost have been first deposited, or are the oldest. In re- 
feiende to this their relative age, the stratified rocks are divided into the 
primary, the first deposited and most ancient— the secondary, which are 
next in <M^er — and the tertiary, which overlie both. 

These three series of strata are again subdivided into systems, and 
these into minor groups, called formations, — ^the several members of 
each systeni and (brmation having such a common resemblance, either 
in mineraloccical character or in the kind of animal and vegetable re* 
maun found tn them, «a to j^ow that they were deported under very 
nearly the same general physical conditions of the globe. 

THe foltowing table exhibits the names* relative positions, thicknesses, 
and jnhieralbgical characters of the stratified rocks, in descending order, 
as they 9&:ur in <mr islands. The annexed remarks indicate also the 
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dittricts where each of theee groups of lockiB ibrms the SQKface, and the 
general agricultaral character of the soils that rest upon them. 

I. Tektiabt Steat a— characterized by containiog, among other fos* 
tilst the remains of animals, which are identical with existing species. 

NAME AND THICKNESS. MINEBAIiOOlCAL CHARACTERS. 

1®. Crag* bOfi. A mass of rolled pebbles mixed with 

marine shells—resting on beds of sand 
and sandy limeneitone | the whole mors 
or less impregnated with oxide of iron. 
Extent.— -The Crag forms a staripe of land a few miles in width in the east- 
ern part of Norfolk and Saffolk. and in the south-eastern part of the latter coun- 
ty. It is a flat, and generally, it is said, a fertile arable district. 

2°. Frtak-water Maris, 100^. Marls and inarly lime-stones, with 

fresh-water shells divided into two se- 
ries by an estuary deposit, containing 
marine shells. 
Extent. — On these beds reposes the soil of the northern half of the Isle of 

Wight, the only part of England in which they appear at the surface. 

3°. lAmdon ■ Clav* 200 to 500 Jl» StiiT, abnost impervious, brown, blue, 

and blackish clay, rich in marine shells, 
and containing layers of limchstone no- 
dules. 
ExTENT.^^The neater part of the county of Middlesex, the south-eastern 
half of Essex, and Um southern half of Hampshire, rest tqion the London Clay. 
Soil.— The soil is naturally strong, heavy, wet, and tenacious, "sticking to 
the plough lUce pitch," and shrinking and crackinff in dry weather. Where it 
is mixed wiih sand, it forms a fertile loam ; and nence where the sand of the 
su^acent plastic day is easily accessible, it may readily be improved by ad- 
mixture. Repeated dressings of London manure convert it into rich meadow 
land, and even where this cannot be obtained, the difficulty and expense of cul- 
ture have caused a -ver^ large portion of it to be retained in pasture. That 
which is under culture is said to be too strong for turnips and barley^ but to 
grow excellent crops of wheat and beans. 

A°. Plastic Clay. ^00 to AOOJl, Alternating beds of day and sand, of 

Tarionscdours and thicknesses. 'Some 
of the beds of clay are pure white, and 
so fine as to be used for making p^ies. 

Extent. — ^This formation surrounds the London day with an indented, gen- 
erally low, and flat belt, of varyine breadth, occup3ring a large space in Hamp- 
sldre and Dorset, in Essex, Sufiotk, and Norfolk, — stretching along the north- 
em part of Kent and Surrey, and throwing oat armainto Berics, Buckingham, 
andHertford. 

Soil. — The soil is very various, the alternate beds of sand and day of differ- 
ent qualities producing soils of the most unlike (quality often within Teiy short 
distances. The greatest portion of this tract is m arable culture, but there are 
extensive heaths and wastes in Berks, Hampshire, and Dorset. 

In Norfolk and Suffolk, where the lower beds of this sand rest upon chalk, 
the soil is rttidify chanced, by an adnuxture with this chalk, mto a good sandy 
loam, whkh witt yidd laijge erops of turnips, bailey, and wheat, instead of the 
heath and bent, its sole original produce. This chalking is gencnOy repeated 
once in 8 years, at an expense of 50s. an acre. In Hampshire and BenUhire, 
the same method is adopted with great success, and the nch crops now leaped 
from Hounslow Heath are the result of this method of improvement. 
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II. Th« Skcowdaet 6TBATA-»contain no animal remains which 
ean be identified with.ezisling species. Those which are found in them 
are nearly all difierent from those which occur either in the tertiary 
above or the primary strata below. 

A.— Cbstaceous Ststsm, 
5®. Chalk. 600 yi. The upper part softer, and contain- 

ing layen of nints, with many marine 
temains. Below, iht chalk is harder, 
. and towards the bottom passes into 
bedsofmari — (chalk marl). 

Extent. — The chalk occupies a very lai^ area in the south-eastern part of 
the island. It forms a broad band of from 15 to 25 miles in breadUi, running 
north-east and south-west from the. extreme south-western pan of Dorset, to 
the extreme north of Norfolk, — ^it there turns nearly at a ri^t angle, into the 
dentre of iincolnshire, where it is iO to 15 miles in breadth, and thence stretches 
into Yoikahiie, in the south-eastern part of which county it covers a large area, 
and about Flamborougfa Head attains a breadth of ai5 miles. In ^sing 
through Berkshire ana Surrey, it is partially interrupted by the plasttc clay 
which It embraces on every side ; "and hence, in following the outline of this for- 
mation it encircles with a broad fringe the southern edges of Sussex and Surrey 
and the northern botders of Kent 

8oiL.--The soils formed from the upper chalk are all more or less mixed 
with flints, and they produce naturally a very short but excellent sheep pasture. 
A great portion of this chalk-land in Dorset^ Wilts, and Berks, has been occu* 
pie4 ss a sheep-walk for ages, though under proper cultivation it is said to be 
convertible into good arable land, producing barley, turnips, wheat, and sain- 
foin. The lower chaUc soils (chalk marl) consist of a deep, strong, calcareous 
cxey or white loam, very productive^ and when mixed with the ereen sand be- 
low it, becoming still richer, more friable, and more productive of every kind of 
crop. It is better suited for wheat than the upper chalk, but is less adapted for 
turnips. 

The porous nature of the chalk renders the soil very djy, and in many locali- 
ties the only method of obtaining a sufEcieat supply of water is by forming 
ponds to catch and retain the rain-water. 

In Norfolk and SuiTolk, on the Lincolnshire, and more recently on the York- 
shire Wolds, great improvement has been effected by dressing the chalk-soil 
with fresh clicdk brought up from a considerable depth below, and laid on at the 
rate of 50 to 80 cubic yards per acre. The explanation of this procedure is to 
be fcHmd in the fitct above staled, that the lower chalk marls, without flints, pro- 
duce an excellent soil, fitted therefore, by admixture with the poorer uppernshalk 
soils, for materially improving their quality. It is, theref9re, only in localities 
where this lower chalk can b^ obtained, that the above method of improve- 
ment can be with any material advantage adopted. This is proved by the 
practice at Sudbury, m Suffolk, which rests upon the upper beds, where it is 
found to be more profitable to import the lower chalk firom Kent, to lay upon 
these lands, than to dress them with any of the chalks (only upper beds) which 
are immediately within their reach.* 

e^i Qrtm Sand. SOO ft. The upper beds eon«st of layers of 

a Upper, 100. a giecmsh sand or sand-stone, often 

.—-*<—— b Gault; 150* dialky. The gauh is a solid cofnpsct 

'■ - .^ c Lower, 250. mass of an impervious blue day, some- 

times marly. The lower gteea sand 
contains a scries of ochrey resting on a 

* a r1toR>iii elMmleal soalviis of charactsristic specimens of thess two chalks might lewl 
tola '^- 
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Miles of greenish sandy stmta. The 
whole of these beds aie in many plaoss 
full of fossils. 
. ElxTfiNT. — ^The Green Sand forms a narrow border round the whole of the 
northern and western edge of the chalk, except in Yorkshire, where it has not 
as yet been anywhere &G0Tered at the surmce. It skirts also the southern 
edge of the chaik in Surrey and Kent, juid its eastern boundary in Hanq>shirs, 
where it attains a breadth of eight or ten miles. It forms likewise the southern 
portion of the Isle of Wight 

Soil.— The upper beds, which are the greenest and most chalky, form an 
open friable soil, easily worked, and of the most productive character. It con- 
sists in general of an exeeedineiy fine sand, mixed with more* or lees of day 
and calcareous matter (see analysis, p. 234), coloured by greenish crains. ,It is 
rich and produotiTe of every species of crop, and the peculiar ridness of this 
soil has been remarked not only in England but also in the United States of 
North America. In some parts of Bedfonlshire the soils of this formation form 
the most productive garden lands in the kingdom. In other localities, again, 
where the soil is formed from layers of black or of white silvery sand, it prodn* 
ees naturally nothing but heath. 

The impervious eault clay forms in Cambridge and Huntingdon **athin« 
eold clay soil, which, when wet, becomes as sticky as glue, is most expenstva 
to cultivate as arable lahd, and naturally produces a poor, coarse pasture." 
Much of thif tract, though unenclosed, is yet generally in arable culture, under 
two crops and a naked faUow— the enclosed parts are chiefly in pasture, and 
yield a rich herbage. 

The lower sreen-sand presents itself over a ooraparativdy small surfitoe^ 
ia in some localities (Sussejc) laden with iron ochre, and is there naturally un- 
productive. 

B.— Oolitic System. 

7^. Wealden, 950 /t* The upper part consists of a fresh- 

— T— — a Weald Glay, 300. water deposit of brown, blue, or tnwrt- 

It Hastings Simd, 400. coloured clay, often marly and almost 

' c Purbeck limenBtone, 350. . always close and impervious to water. 

Beneath this are the iron or ochrey 
Hastings sands, which again rest upon 
the Purbeck beds of alternate fresh- wa- 
ter lime-stones and maris. 
Extent. — ^The Wealden rocks appear at the surfiice only in Sussex and 
Kent, of which they form ^e entire central portion. 

SoiL.-^The soil formed from the Weald Ulay is fine mined and unctuous — 
often pale coloured, and containing much fine grained siiioeous sand« Itforms a 
paste which dries and hardens almost like a brick, so that tiie roots of plants 
cannot penetrate it. From the expense of cultivating such land, much of it 
is in wood (Tilgate Forest), and some is in poor wet pasture. On the whole 
of this tract, therefore, there is much room for improvement The- Hastings 
sands produce a poor brown sandy loam which naturally yields only heath and 
biush-wood. Much of this soil is in pasture, but, under proper cultivation, it 
yielos goo4 crops of idl kinds. Where the ruins of the Purbeck maria «re in- 
teimized with it, the soil is of a superior quality. 

8°. Upper OdiU* 600 fU The upper paxt of this formation ecm^ 

a Portland Beds, 100. ^^^ of tne oolite* limestones and ead- 

b Kimmeridge Clay, 500. careous sand-stones lone worked at 

Portland— Uie lower of me blue idaty 

* So named because tbey consult of ■msU e^^-shaped granules, like tlie roe of a lisb. 
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or gieyish, often calcareons and bitu- 
minous beds of the Kimmeridge clay. 
E«XT£2fT.— -Tho Upper OoUto runs nodh-east along the northern edge of 
fba green sand, from the western eztremiw of Dorset to the extreme north of 
Norfolk. It is in general only 3 or 3 mues, but in a few places expands to 
6 or 8 miles in breadth. It araears again on the western edg« oi tne green 
•and in Lincolnshire, and in Toikshire forms a stripe & or 6 miles in brmtb, 
which crosses the country from Beimsley to Filey Bay. In the Isle of Port- 
land also it is found, and it stretches in a narrow stripe along part of the south 
coast d Dorset. 

Soil. — The soil from the Portland rocks, in consequence of. the prevalence 
of siliceous and the absence of clayey matter, produces naturally, or when laid 
down to erass, only a poor and benty herbsjge. Its loose and sandy nature 
makes it also yery cheap to woik, and hence it is chiefly in arable culture. It 
I ia easiljr affected by drought, but in damp seasons it produces abundant crops 
— especially in those parts where the soil is naturally mixed witli the detritus 
of , the 0Ter*lying Hastings sand, and of the calcareous Purbeck beds. 

The Kimmerid|pe clay forms a tough, greyish, imperrious, often however 
very calcareous sou and subsoil. From the mfficulty oi working it, much of 
the sui&ee over which this formation extends is laid down to grass, and the old 
; pasture land affords excellent herba^ The celebrated pasture lands of the vale 
; of North Wilts rests partly on this day. The relative thicknesses of the Portland 
' beds and the Kimmerid«e clay will readily account for the fact of this clay be- 
ing spread over by far the greatest part of the area occupied by this formation. 
In Yoikshire, clay of a great thiclmess is the only member of this series that 
has hitherto been observra. On this, as well as on the subjacent Oxford clay, 
the judicious investment of capital might produce a much greater annual breadth 
of corn. 

9^, Middle OoUte. 500^2. The uppermost bed in this formation . 

Upper Calcareous Grit, ) is a sand-stone containing a consider- 

Coral Rag, > 100. able quantity of lime— next is a coral- • 

^ Oalcaieous Grit, S ^^ lime-stone (coral rag) resting upon 

> Oxford Clay, J other sand-stones, which contain much 

« KeUoways Kock, > 400. lime in their upper and little or none in 

' Blue Clay, ) their lower beds. Below these is an 

I enormous deposit of adhesive tenacious 

I dark blue clay, frequently calcareous 

and bituminous, and towards the lowdr 
t part containing irregular beds of sand- 

stones and lune-stones(Kelloways rode) 
t beneath which the day again recurs. 

I EzTBNT.— The middle adjoins the upper oolite on the north and west — ac- 

i edmpan3ang it from the extremity of Dorset, into Wilts, Oxford, Huntingdon, 
/ Lincolnshire, and Yorkshire. Until it reaches Huntin^on, it rarely exceeds 
i 6 or 8 miles m width, but in this county and in Lincoha it exJMUdds to a width 
^ of nearly 30 miles. In Yoikshire it nearly surrounds the upper oolite, and 
ii on the northern border of the latter formation attains a widtn from north to 
^ south of 6 or 8 miles. 
ii, ^ Soif«.-^The higher beds of both the upper and lower calcareous grits produce 

good land. They contain lime intermingled with the other materials of the 

■liceous sand-stone. The upper calcareous erits are no doubt improved by 
[I their proximity to the KimmencUe day above mem, while the lower calcareous 
ii grit is in like manner benefitted oy the lime of the super-incumbent coral rag. 
} The under beds of both groups are the more eritty, and form a poor, barren, 
^ almost worthless soil, much of which in Yorkshire is still unreclaimed. 

Upon the hilia of the coral rag itself occurs the best pasture which is met with 
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ui Ihftt part of die North Ridiiii^ of Y^ikshiro through which this fimnatioii 
ezteqdt. 

The Oxfoid day, whieh is by fer the moat important member of this forma- 
tion, and forma the aurfiuse over by far the largeat portion of the area occupied 
by it— produces a. close, heavy, compact clay soil, difficult to woik, and wmch 
ia one of the most expeoaive of all the days to cultivate. This is eepecialfy 
the case in Bedford, Huntingdon, Northampton, and Lincohi, in which conn- 
ties, neverihetess, a considerdtle extent of it is under the plough. In Wflts, 
Oxford, and Glouceater, itia chiefly in pasture, and as over these districts it as> 
sumes the character rather of a dayey loam, the herbage is thick and luxuriant 
The impervioua nature of this clay has caused the stagnation of waiter upon 
its lower lying portions, the consequent accumulation of vegetable matter, and 
the formation of bogs. The extensive fens of Lincoln, Northampton, Hunt- 
ingdon. Cambridge, and Norfolk, rest upon the Oxford day. This tract of 
fenny country is 70 miles in length, and about 10 in average breadth. When 
drained and covered with the clay from beneath, it is capable of beine converted 
into a most productive soil. In Lincolnshire, there are about a nulUon acres 
of fen, which have their drainage into the Wash, about 50,000 of which are at 
present irreclaimable, on account of Uie state of the outlet 

In the neighbourhood of the Kdloways rock the day beoomea more loamy 
and less difficult to work. 

Both in Yorkshire and in the southern districts, the Oxford day ib found to 
fiivour the growth of ^ oak, and hence it ia often distinguished ny the name 
of the Mul tree day. 

10*>. Inferior Oolite. eOO ft. Thin, impure, rubbly beds of shelly 

— a Combrash, 30. lime-stone foiro the upper part of thiJB 

b Forest Marble, 50. series. These rest upon alternate beds 

— c Bradford Clay, 50. of oolitic shelly lime-stone and ^sand- 
-^-o d Bath Oolite, 130. stone, more or less calcareous, having 
— — e Fuller^s Earth, 140. partings of day; these again upon beds 

— / Inferior Oolite, ) gg^ of blue, marly day, immediately under 
— — g Calcaieous Sand, i * which are the thidL beds of the fight-co- 
loured oolite lime-stone of Bath. Be- 
neath these follow other beds of blue , 
clay, with Fuller's earth, based upon 
another oolitic lime-stone, which is fd- 
lowed by slightly calcareous sands. 

ExTEMT.-t-This formation commences also at the south-western extremity of 
Dorset, and runs north-east, swdiing out, here and there, and in Gloucester, 
Oxford, and Northampton attaining a width of 15 to 20 miles. It occupies 
nearly the whole of these three counties, covers almost the entire area of Rut- 
land, a large portion of the north-east of Leicester, and then, in a narrow stripe, 
stretches north through Lincoln, and disappears at the Humber. It appeara 
again in the North Riding of Yoikshire, skirting the outer edge of the middle 
oolite, on the north of which' it attains a brea<£h of 15 miles, and atretehes 
across, with little interruption, from near Thirak to the North sea. A aaaall 
patch of it appears fiuther nordi, on the south*eastem eoaat of Sutheriand, and 
on the east and south of the Ide of Sky. 

Soil. — It will be understood from what has been already stated in reference 
to other formations, that one which contains so many different rocks, as this 
does, must also present many diversities of soil. Where the upper beda come 
to the surfeee, the clay-partings ffive the character to the soil^-forming a calca- 
reous day, which, when dry or curained, is of good quality. In other places- it 
forms a close adhesire day, which is naturaUy dmost etenle. The Bath oc^ita 
weathers and crumbles readily. The soil upon it is thin, loose, and dry. The 
rode is fill! of Tcrtical fissures, whidi cairy off the water and dminita anrfibosL 
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What free from fragmeats of the rock, the soil is often close and inqpervious, 
and, though of a brown colour, deep, and apparently of eood qaality, it is really 
worthless, or, as the fanners call it, dead and sleepy. Most of this land, how- 
ever, is in arable cultivation. The heavy soils, which rest on the clay contain- 
ineFuUer's earth, are chiefly in jpasture. 

The inferior oolite varies much in its character, containing, in some places, 
nauch lime-stone, while in others, as in Yorkshire, it forms a thick mass or sand- 
stones and clays, with occasional thin beds of coal. In Gloucester, Oxford, 
Kortharopton, and Rutland, these lower beds form a tract of land about 19 miles 
in width. The soil is generally soft, sandy, micaceous, of a brown colour, and 
of a good fertile quality. It is deep, c<mtains many fragments of the subjacent 
rock, is porous, and easily worked. Where the sand^stones prevail, it is of in- 
ferior quality. In these counties it is principally Enclosed, ana in aranle eulture, 
the sides of the oolitic hills and the clayey portions being in pasture. In York< 
■hire, much of the unproductive moor (and of the North Ridms rests upon this 
formation. Nearly all the arable land in the county of Sutherland rests on the 
narrow stripe of tne lower oolite rocks which occurs on its south-east coast. 
The debrif of these rocks has formed a loamy soil, which, when well limed, 
IKodocet heavy crops of turnips. 

11^* 14m, 500 to 1000 ft. - This great deposit consists chiefly of 

an accumulation of beds of blue clay, 
niore or less indurated — ^interrupted m 
various places by beds of marl, and of 
blue, more or less earthy, lime-stones, 
which especially abound in the lower 
part of the series. The whole is ftiU of 
shells, and of the remains of large ex- 
tinct animals. 
Extent.— Wherever t&e lower oolites are to be traced in England, the lias 
if seen coming up to the surflice on its northern or western edge, pursuing an 
exceedingly tortuous north-eastern course, throwing out m its course many 
arms (outfiers), and varying in breadth from ^ to 6 or 10 mites. It may b^ 
traced ftom the mouth of the Tees, in Yorkshire, to Lyme Regis, in Dorset, the 
continuity being broken only by the coal field of Somerset In Scotland and 
Ireland no traces of this formation have yet been detected. 

Soil. — Throughout the whole of this formation the soil is a blue clay, more 
or less sandy, calcareous, and tenacious. Where the lime or sand prevails the 
soil is more open, and becomes a loam ; where they are less abundant, it is of- 
ten a cold, blue, unproductive, wet clay. This latter, indeed, may be given as 
the natural character of the entire formation. Where it rests upon a gravelly 
or open subsoil, or contains a large quantity of vegetable matter, it may be 
culuvated to advantage, and it is found especially to produce good herbage. In 
all situations, it is an expensive soil iq woric, and hence by fer the greater por* 
tion of it is in old pasture. The celebrated dairy districts of Somerset, Glou« 
eester, Warwick, and Leicester, rest for the most part on the lias, as does also 
much of the best grazing and pasture land in Nottingham and Yorkshire. 
Through the long lapse c? time an artificial soil has been produced on the un- 
disturbed surface of these clay districts, which is peculiarly propitious to the 
girowth of grass. With skilful drainage aqd judiaous culture, it is capable of 
producing heavy crops of wheat. 

C— New Red Sand-stone System. 

The upper and lower red sand-stones 
consist of alternate layers of sand, sand- 
stones, and marls sometimes colourless, 
but generally of a red colour— sprinkled 
in tne upper series with firequent green 
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spots. Tlie lower beds a^ sometimes 
ftill of rolled pebbles. Few of the sand- 
stones of this formation are sufficiently 
luufd toform buildins stones — many of 
the layers consist of loose friable sand, 
and the maris universally decay and 
crumble to a fine red powder under the 
influence of the weather. 
* Extent.— -The new red sand-stone extends over a largerportion of the sur&ce 
of England than any other formation. It commences at ToitMiy, in the -south 
of Devon, runs nortn-east into Somersetshire ; from Bristol ascends both sides 
of the Severn, accompanies it into the vale of Gloucester, stretches along the 
base of the Malvern hills, and north of tlie city of Worcester expands into a 
ffently undulating plain, nearly 80 miles in width at its broadest pBfft compre- 
nendmg nearly £e whole of the counties of Warwick and Stanord and the - 
greater part of ihat of Leicester. From this central plain it parts into two di- 
visions. One of these runs west over the whole of Cheshire— (in Which 
county it contains salt springs and mines of rock salO — ^ western part of 
Flint, and on the south-west surrounds the county of Lancashire. It is there 
interrupted by the rising of the older rocks in Westmoreland, but re-appears in 
the eastern comer of this county, runs north-west through Cumberland, ibhn- ' 
ing the plain of Carlisle — and thence round and across the Solway Frith till it 
finally disappears about 20 miles north of Dumfries. The other arm, proceed- 
ing from the towns of Derby and Nottingham, runs due north through Notting- 
ham and the centre of Yorkshire, skirting the outer edge of the lias, and finally 
disappears in the county of Durham to the north of the river Tees. The south- 
em portion of this arm has a width of 20 to 30 miles, until it reaches the neigh- 
bourhood of Knaresborou^h, where it suddenly contracts to 6 or 8, and does 
not again expand to more than 10 or 13 miles. 

North of Dumfries-shire these rocks are not known to occur in our island. 
In the north-east of Ireland they form a stripe of land a few miles in width, run- 
ning from Lough Foyle to Lough Neagh, and thence, with slight interruptions, 
to t£e south of Belfkst. 

Soil. — These rocks, by their decay, almost alwa;^s produce a deep red 
soil. Where the red clay and marl predominate, this soil is a red clay or 
clayey loam of the richest quality, capable of producing almost every crop, and 
remancable therefore for its fertility. ^ It is chiefly in arable culture, because of 
the comparative ease with which it is woriced, but the meadows are rich, and 
produce good herbage. Where the rocks are more sandy, and contain few 
marly bands, the soil produced is poorer, yet generally forms a good sandy loam, 
suitable for tumips and barley. 

In Devonshire, as in the vale of Taunton and other localities, whe^e the lias 
and the red sand-stone adjoin each other, or run side by side, the difference in 
the fertility and general productiveness of the two tracts is very striking. On 
the former, as already observed, good old grass land is seen, but the arable land 
on the latter produces the richest and most luxuriant crops to be seen on any 
soil in the kin^om. In this county, and in Somerset, the only manure it seema 
to require is lime, on every repetition of which it is said to produce increased 
crops. The same remarks as to its comparative fertility, apply with more or 
less force to the whole of the lar^ area 6ccupied by this formation in our island 
— wherever the soil has been chiefly formed by the decomposition of the rock 
on which it rests. In some localities (Dumfries-shire) the miaicema, maily 
rock is duff up, and, after being cmmbled by exposure to a winter's finos^ is laid 
on with advantage as a top-dressins to grass and other lands. 

In the south of Lancashire, and along its western coast, and on the ahoiei of 
the Solway, in Dumfiies-shire, a great breadth of this formation is coyeied with 
peat. 
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13^. Magnerian lami'ttane. The magnesian limestone is gene- 

^ rally of a yellowy Bometimes of a ^rey, 

colour. In the njmer part it occasion- 
ally presents itselr in tnin beds, which 
crumble more readily when exposed to 
the air. 1 n some places, also, it assumes 
a marly diaracter, forming masses 
which are soil and friable ; in general, 
however, it is in thick beds, hard and 
compact enough to be used for a build^ 
ing stone or for mending the roads. The 
quantity of carbonate of magnesia it 
contains ranesfrom 1 to 45 per cent 
It is in the north of England generally 
traversed by vertical fissures, which ren- 
der the surface dry, and make water in 
many places difficult to be attained. 
ExtCNT.— The magnesian Ume-sUme stretches in an almost unbroken line 
nearly due north firom the cit^ of Nottingham to the mouth of the river Tyne. 
It is in general only a few miles in width, its principal expansion being iii the 
county of Dmham, where it attains a breadth of S or 10 miles. 

Soil.— It forms, for the most part, a hiUy country, covered by a reddish 
brown soil, often thin, light and poor, where it rests immediately on the native 
rock— producing indifferent herbage when laid down to grass, but under skilfnl 
management capable of yielding average crops of turnips and barley. In the 
•astern part of the county of Durham tracts of the poorest land rest upon this 
rock, but as this formation is for the most part covered with deep accumulations 
of transported materials-^the quality of tne soil is in very many places more 
dependent upon the character of this superficial covering than upon the nature 
0f the rock beneath. 

During the slow degradation of this rock, the rains gradually wash out great 
nart of the magnesia it contains, sO that it seldom happens that the soil fonned 
nom it, though resting on the parent rock, contains so much magnesia as to be 
necessarily hurtful to jregetation. 

D.— Oabbowifsroub System, 
lAK Coal Meatwrei* ZOO ft* Consistine of alternate beds of indu- 

rated bluish-black clay (coal shale), of 
■ ^ siliceous sand-stone ^nerally grey in 

colour and containing imbedded plants, 
and of coal of various qualities and de- 
grees of thickness. Beds of lime-stone 
rarely appear m this formation till we 
' approach the lowest part of the series. 
ExTBMT.^Fortunately for the mineral resources of Great Britain, the coal 
neasures occupy a large area in our island. Most of the districts in which 
they occur are so well known as to reouire only to be indicated. The south 
Welsh coal-field occupies the south of Fembroke, nearly the whole of Glamor- 
gan, and part of Momnouth-shire. In the north of Somerset are the coal mea- 
sures of t£e Bristol field, which stretch also across the Severn into the forest of 
Dean. In the middle of the centralplain of the new red sand-stone, lie the coal-, 
fields of Ashby-de^larZouch, of Cfoventry, and Dudley, and on its western 
borders are those of Shrophire, Denbigh, and Flint (North Wales). To the 
north of this plain extends on the right the Yorkshire coal-field from Notting- 
ham to Leeds, while on the left is the small coal-field of Newcastle-under-Line, 
and the broader Laacashiie field irfaich crosses the country firom near Liveipool 
to Manehestsr. AUnoet the antire eastern half of the county of Durham, and 
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of the low eouiKry of Norlhamberland, is covered with these mearares— bttt 
the largest area corered by these rocks is in that part of the low country of 
Scotland which extends in a north-easterly direcUon from the west coast of 
Ayrshire to the eastern coast of Fife. They there form a broad band, having 
an average breadth of 30 miles, interropted often by trap or green-stone rooks, 
|ret lying imnediately beneath the loose superficial matter, over the largest por- 
tion of this extensive district They do not occur further north ip our island. In 
Ireland they fonm a tract of limited extent on the northern borders of the county 
cC Monaghan^-^eover a much larger area in the south-east in Kilkenny and 
GUieen''S counties — and towards uie mouth of the Shannon, roread on either 
bank over a lai^ portion of the counties of Clare, Kerry, and Limerick. 

Soil.*— The soil produced by the degradation of the sand-stones and shales 
of the coal formation is universally of inferior qusdity. The black shales or 
•ehists form alone a cold, stiff, ungratefol clay. The sand-stones alone form 
thin, unproductive soils, or barren— ^almost naked — sheaths. When the clay 
and sand are mixed a looser soil is -produced, which, by heavy liming, by drain- 
ing, and by skilfol culture, may be rendered moderately productive. In the 
west of the counties of Durham |ind Northumberland, and on tiie higher edges 
of mtwtof our coal fields, there are extensive tracts of this worthless s^nd-stone 
surface, and thousands of acres of the irnproveable cold clays of the shale beds. 
These latter soils appear very unpromising, and can only be rendered remune- 
retiveljr productive m skilful hands. They present one of those cases in which 
the active exertions of zealous agricuUunsts^ and the efforts of the friends of 
agrieultul^, mi^t be expended with the promise <^much benefit to the countiy. 

15^. MiUslont Chit, . 600^1. This formation consbts in some lo- 

calities of an entire mass of coarse sand- 
stone, of great thickness — in others of 
alternations of sand-stones and shales, 
resembling those of the coal-measures 
-"While in others, again, lime-stones, 
more or less siliceous, are interposed 
amon^ the sandstones and sh^es. 
Extent. — A laree portion of Devonshire is covered with these rocks — they 
form also the high land which skirts to the north and westthe^^al-measuresof 
Yorkshire, Lancashire, aad Durham, and over which is the first ascent to the 
chain of mountains that run northward throu^ these three counties. In Scot- 
land, they have not been observed to lie immediately beneath any part of the sur- 
&ce. In the north of Ireland they cover a considerable area, stretching across 
the county of Leitrim between Sligo and Loush Erne. 

Soil.— The soils resting upon, and formed from, these rocks are generally of 
a very inferior description. Where the sand-stones come to the surface, miles 
of naked rock appear; other tracts bear only heath, or, where the rains have 
only a partial outlet, accumulations of peat. The shale-beds, like those of the 
Ooai- measures, afford a cold, unproductive, yet not unimproveable soil— it is 
only where lime-stones occur among them that patches of healthy verdure axe 
seen, and fields which are readily susce^ble of profital^ arable culture. 

It is true, therefore, of this formation m general, that the high grounds form 
extensive tracts of mooi^land. In the lower districts of country over which it 
extends, the soil generally rests not on the rocks themselves, but on auper&dal 
accumulations of transported materials, which are often of such a kind wa to 
form a soil either productive in itself or capable of bein^ renkleicd so by akilfol 
cultivation. 

16°. Mountain } ^^^ ^ In this formation, as its nenM implies, 

LimC'Stime. \ ^ lime-stone is the prsdomitiaring lock. 

It is (tiMnally faai< blue, and more or 



kwfoU of ofgank rtmaitit* In lom* 
localities, it occurs in beds of Ttst thicks 
&eB8'-~(Derby and Yorkshire)^whil« 
in other8--^]Northumberiflnd)-^it is di« 
▼ided into numerous layers, wiUi inter* 
posed sand-stones and Mds of abkBle, and 
occasional thin seams of coal. 
£xTt:NT,<--The greater portion of the counties of Derby andNorthundbeiland 
are corered by this formation, and from the latter county it stretches along the 
wtai of Durham throu^^ Yorkshire as fiuras Ptestonj in Lancashire-^formmg 
the mountains of the well known Pennine chain, which throw out spun to the 
cast and west, and thus present on the map an irregular outline and rarying 
breadth of country. In Scotland these roeks cover only a small portion of the 
county of Berwick, immediately on the Border; but in Iiekind, almoet the en- 
tire centif^ par^ forming upwwds of one-half of the whole island, is occupied 
by the mountain Ume-stoae formation. 

Soil. — From the slowness with which this rock decays, many paru of it are 
quite naked } in others, it is covered with a thin light porous soil of a brown 
colour, which naturally produces a short but tliick and sweet herbage. Much 
of the mountain lime-stone country, therefore, is in natural pasture. 

Where the lime-stones vtt mixed or interstratified with shale beds, which de- 
cay more eesUy, a deeper soil is found, especially in the hollows and towards 
the bottom of the raUeys. These are often stiff and naturally cold, but when 
well drained and limed produce excellent crops of ever^ kind. In Northumbei^ 
land, muoh of thie mountain lime-stone country is still in moor-land, but the ex- 
cellence of border fiurming is gradually rescuing one improyeable spot after ano> 
ther from the hitherto unproductive waste, in Yorkshire and Devonshire also 
improvements are mors or less extensively in progress, though, in all these di*- 
mcts^ tfaer^ aie large Iracts whkh can never be re-daiined. 

E.'-^LD Red Sand-stone or Devonian Ststem. 

17^* Old Bed Sand' ? 600 to The upper part of this-formation eon- 

itom, S 10,000^2. '^Bts of red sand-stones and conplomer- 

Old Bed Conglomerate. «to« (indurated sandy gravel), the mid- 

Corn-stone and Marts. dte of spotted, red and green, clayey 

— — TiW'^ttotie. maris, with irregular layers of hard, o^> 

ten impure and siliceous lime^stones 
(oorostones) likewiie mottled, and the 
lowest of thin hard beds of siliceous 
sand-stones, sometimes calcareous, mot- 
tled, and splitting rsaday into Uiin flags 
(tile-stones). 
ExTJBKT.— Thoi^h oocatLonally of vast thickness, the old red sand-stone does 
notooeupy a vsry otenaive area in our iiiland. In the south of Pembroke it 
fiMrms a tract of land on either side.of the coal-fiekt— surrounds on the north and 
aast the ooal^eld of Glamoi^an, and immediately north of this county tottn a 
large area oomprehending t£i greater portion of Brecknock and Hereford, and 
port of Moiunottth. A small patch occurs in the Isle of Anglesey, and in the 
Bortlneastem comer of Westmoreland— but it does not again present itself till 
we reach the western flank of the Cheviot Hills. It there appears on either 
aide of the Tweed, and extends over a portion of Berwick and Koxbuigh to tho 
bnae ofthe Lammcfmuirs. On the north of the same hills it again presents it-. 
self, and stretching to the south-west, forms a considerable tract of country in 
the counties of Biaddington and Lanaik. On the north of the mat Scottish 
coal-field it forms a br^id band, which runs completely across we island in a ' 
•outh-westem direction along the foot of the Ghrwnpians, ficom Stonehaven to 
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tlbs Futli of ClydB. is to be iliicoTerad in the Island of Anran, and at the Mull 
of Cantire, aDd--aiong the probogadon of the same line^-at various places on 
the northern flank of the great mountain lime-stone formation d Ireland, and 
cspeciaUy in the counties of Tyrone, Fermanagh, and Monaghan. In the 
north of Scotland, it lines either shore of the Moray Firth, skirts the coast to- 
wavdbi Caithness, where it covers nearly the whole county, and still further 
north, forms the entire sur&ee of the Shetland Islands. Alonf the north-west- 
en coast, it also sf^fiears in detached patches till we reach the southern ex- 
tiemi^ of the Isle of Sky. 

In mland, it occurs also on the extreme southern edge of the mountain lim^ 
stone, in Waterford and the neighbouring counties*-and in the middle of this 
formation on the upper waters oif the Shannon, in the south of Mayo, and 
round the base of the slate mountains of Tipperary . 

Soil.— The soil on the old red sand-stone admits of very nearly the same 
variations as on the new red sand-stone formation. Where it is formed, as in 
parts of Pembroke, from the upper sand-stones and conglomerates, it is either 
worthless or it produces a poor hungry soil, "which eats all the manure, and 
drinks all the water." These upper rocks are sometimes so siliceous as to be 
almost destitute both of lime ana clay — in such cases, the soils they fbrm are 
almost valueless. 

The mariy beds and lime>stones of the second division, yield warm and rich 
amis— audi as the mellow lands of Herefordshire, and tha best in Brecknock 
and Pembrdce shires. The soil in every district varies according as the partings 
of mari are more or less numerous. These easily crumble, and where thrf 
abound form a rich stiff wheat soil^-like that of East Lothian and parts of Ber- 
wickshire ;— >where Ulcere less freouent the soil is lighter and produces ezce&ent 
turnips and bariey. Where the subsoil is porous, this land is peculiarly A* 
vourable to the erowth of fruit trees.* The apple and the pear are lai^ly grown 
in Hereford and the neighbouring counties, long celebrated for the cider andf 
perry they produce. 

Tlie tife-stones reach the surface only on the northern and western edges of 
this formation in England. In Ayrshire, in Lanarkshire, in Ross-shire, and in 
Caithness, larger tracts of land rest on these lower beds. In idl these districts 
rich com lands are produced from the rocks of the middle series. The fortilitv 
of Strathmore in Perthshire, and of other vallies upon this formation, is weU- 
knowiH-Easter Ross and Murray have been called the granary of Scotland, 
and even in Caithness rich corn-bearing (oat) lands are not unmqitent. Yet- 
in the immediate neighbourhood of these neh lands, tracts of tile-stone eountrv 
occur, which are either covered with useless bo^ (Ayrshire and Lanarkahire), 
or with a thin covering of soil which is almost mcapable of profitable culture. 
In this latter condition is the moor of Beauly on the Cromarthv Firth, an area 
of 50 square miles^ which, 4iU within a fow years, lay as an unclaimed common 
—and in the county of Caithness still more extensive tracts. 

In South Devon and pan of Cornwall a very fortile district rests also on the 
middle series of these rocks. Instead of red sand-stones, however, the country' 
there consists of green slates, more or less siliceous, l»f sand-atones and erf* lime- 
stones, which by their decay have formed a very productive soil llieae rocks* 
in the above counties abound in fossil remains, and it is chiefly for ^a reason 
that the term Devonian has been applied to the rocks of the old red sand-stone 
formation. 

« The most kMBiy of iheto red soils of Hereford sflbrd the flnesterops of wheat sad hope^ 
and bear the most prolific apple aod pear treea, whilst the whole ragloo (eminently in tte. 
hearier elavey tracU) it renowned for the production of the stardleat oaks, which so abonad 
as to be styled the ** weeds of Herefordshire." Thns, thoof h this retlon contslns no mines, 
the eompositfon of Its roeks Is dlreelly predncthre of Its freat agrieiuianl wealth.— Jifbr«M> 
eon, flUinisa Bjstem, l, p. 19B^ 
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III. PuMART Strata. — ^in these rocks slates abound, and lime- 
•tones are more rare. Organic, remains are hlso less frequently met 
with than in the superior robks. These remainit belong all to extinct 
species, the greater part to extinct genera and families, and are frequent- 
ly so wholly unlike to existing races that it is oflen difficult to trace any 
Resemblance between the anin^ais which now live and those which appear 
U> hfv^ ^nhal^ited the waters of tho^ ancient periods. 

F.— Silurian ST8T|?|fc 

16^. Upper Silurian. 3BO0fi. The upper Ludlow rocks consist of 

lo. Ludlow formation. sand^stoncs more or less calcareous and 

a Upper Ludlow i argillaeeous. mse rest upon hard, 

iAymestryLime-stoneJaOO? J«iiewhatcrystalhne, earthy Wston^ 

^ L6wer Ludlow ) ^ (Aymestry Wstones.) The low«r 

^: __- -^ Ludlow rocks are masses of shale more 

99. WiJWLQGK roRMATiQW. ftec from Hme and sand than the upper 

a Ljme-itone I ^g^^ fce^s, and from the mode in which they 

f *?We J decay into mud are locally known ^y 

the name of " mud-stones.'^ 

The Wenlock or Dudley formation 

consists in the upper part of a grea^ 

thickness of lime-stone beds o^n acg;ilr 

laceous, and abounding in the remains 

of marine animals ; and in the Ipwef 

part of thick beds of a dull clay^ shale 

— ^in its want of cohesion, and in its 

r mode c^ decay, very much resembling 

the mudrsiones of Ludlow. 

ExT£NT.*-The principal seat pf these rocks in our island is in ihe eastern 

counties of Wales, whirs they Ue immediately beneath the surface over the 

^ter^i half of Raijinor, and the north a£ Montgomery. 

SoiL.-^The prevailing c)iaracter of the soils upon these formations is derived 
firom the shales and muf stones-^nd from the earthy layers of ihe sand-stones 
and lime-stones which decay more readily than the purer masses of these rodks. 
The tmvefier is immediately struck in passing from the ridi red mvls and 
clajTS of the old red aand-stone iii Hereford, on to the dark, almost blade, soils 
of the um)er and lower Ludlow rocks in Radnor, not merely by the change of 
cdour, out by their obviously diminished value and productiveness. The up- 
per Li:^ow is crossed by many vertical cracks and fissures, and thus, though 
^layey, the soil wHiich testa Upon it is generally dry, and susceptible of cuUiviek- 
tion. 

' Ifot so the n^uddy soils of the lower Ludlow and Wenlock rocks. They aw 
fsneraBy motp or less impervious to water, and being subject to the dramaga 
Oif tKe upper beds, form cold and comparatively unmanageable tMCts. It is od^ 
where the intermediate lime-stones (Aymestry and Wenlock lime-stones) come 
to the surface and mingle their debris with those of the upper and lower rooks, 
^t the stiff cls^s become capable of bearing axeelleiit crops of wheat. This 
&ct, however, indicates the method by which the whole of these cold wet olaya 
itttght be greatly improved. By perfect artificial drainage and copious timeing, 
{be unfffcdvic^ve soils of the lower Ludlow and of the Wenlock snales mi^t be 
eonvorted into wheat lands more or less rich and fertile. It uhfoitunat^y hap- 
pens, howeiver, that in those distiicu of North and South Wales, whin ^e 
dark grey or black "rafeAy^ land of the mud-stones prevails, time is blUn so 
scarce, or Tboa to be brought firom so great a distance, as to render this msans of 
apsprpvement ahofiost unattainable. 
99 
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19^. Lvwer ^SHUman. 3700^2. Tke Caradoe beds consist of thick 

Caradoc Sand-stones 2500 layers of sand-stone of vwious coW 
UwQdSo Flags ^ ««V°g «P?»» *»d coveyed. by, and oc. 

^«iueuu * tog* X.6W cng^onally interstratified with, thin beds 

of impure lime-stone. The Lrlandeilo 
flags which lie beneath them consist of 
thin calcareous strata, in some locali- 
ties alternating with sand-stones and 
shales. . 
EzTBMT.-^rThese locks form fMrtches of land in Shropshire and the north of 
Mootgomery-— and skirt the southern and eastern edge of Caermaithen. Nous 
of the Silurian rocks hate yet been found to extend over any large portion of 
•ither Scotland or Ireland. 

Soil. — The Caradoc sand-stone, when free from lime, produces only a 
naked surface or a barren heath. The Llandeilo flags form a fertile and arable 
soil, as may be seen in the south of Caermarthen, where they are bestdevd- 
oped, and especially on the banks of the Towey, whiish for many miles bef<»« 
it reaches Uie town of Caermarthen runs over this formation. 

In this formation, as in every other we have yet studied, the soil ehanses im- 
mediately on the appearance of a new rock at the sur&ce. The soil of the 
Wenlock shale is sometimes more sandy as it approaches the Caradoc beds, 
and on favourable slopes forms good arable land and sustains luxuriant woods, 
but where the Caradoc sand-stones reach the surfiuse, a wild heath or poor 
wood-land stretches over the country, until passing over their edges we reach 
the lime-containing soils of the Llandeilo flags, when fertile arable lands and 
lofty trees again appear.* 

G.— Cambrian System. 

20®. Upper Sf Lower Cam- \ These rocks, which are many thou- 

man RocTc$. \ ^nd yards in thickness, consist chiefly 

of thin slates, often hard and cleaving 
readily, like roofing slates, occasionally 
intermineled with sandy and thin lime- 
stone beds. They contain few organic 
lemains. 
Extent, — These rocks cover the whole of ComwaU, part of North and 
South Devon, the western ha^f of Wales, the entire centre of the Isle of Man, 
and a large part of Westmoreland and South Cumberland. In Scotland, thty 
farm a band between 30 and 40 miles in width, utrhich crosses the island fironi 
the Miill of Galloway to St. Abbs Head. They form also a narrow stripe (^ 
land, which recroeses the island along the upper edge of the old red sand-stone 
from Stonehaven to the Isle of Bute, and, further north, spread over a eonsidiU^- 
able portion of Banffshire. In the south-west of Ireland they attain a great 
breaothj are narrovrer at Waterford, but form a broad band along dre granits 
mountams from that city to Dublin.. They extend over a large portion of the 
counties of Louth, Cavan, Mona^han, Armagh, and Down,-^orm a narrow 
stripe also along the coast of Antrim as far north as the Giant's Causeway, — 
anO) in the interior of Ireland, re-appeat in the mountainous district of Tip* 
penury. ^ 

SoiL.-^The predominance of sla^ rocks in this formation imparts to the soils 
of the entire surfiice over which they extend one common clayey chaiacter. 
They generally form elevated tracts of country, as in Wales, Cumberiand, 
Scotland, and Ireland, where the rigours of the climate combine with the fre- 
quent thinness land poverty of the soil to condemn extensive districts to worth- 

* Bach a pung e Uom one formation to another la exhibited in the diagniins Inacrtfd kr 
pageSSai 
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leM heath or to widely extended bogs. Yet the slate rocks themselves, especi- 
ally when they happen to be calcareous, /are capable of producing fertile soils. 
Such are found in uieTallevs, on the hill sides, and by the margins of the lakes 
that are often met with in the slate districts. More extensive' stripes or bands 
of such productive land occur also at lower levels, as in the north of Devon, and 
in the south of Cornwall. In the latter county, the soils on the hanMende sUUe 
(which lies near the bottom of the slate series)are extremely fertile, exhibiting a 
striking contrast with those which are formed from the neighbouring Serpentme 
locks, that extend over a large area immediately north of the Lizard (see p. 265.) 
. When the clay-date soils occur, therefore, however cold and stiff they may 
be, a Anro^iable climate, drainage, if necessary, and lime, either naturally pie- 
■ent, or ardficially added, appear to be the iir^t requisites to insure fertility. 

The mode in which these rockB lie, or the degree of inclination which the 
beds exhibit, exercises an important influence upon the agricultural character 
of the soils that rest upon them. In the diagram inserted in page 238, the 
rocks (A) represent the highly inclined, often nearly Tertical position, in which 
the slate rocks are most frequently found. The soil formed from them must, 
therefore, rest on the thin edges of the ^>eds. Thus it happens in many lo- 
ealittes that the rains canry down the soluble parts of the soil and of the manure 
within the partings of the dates — and hence tne> lands are hungry and unprofit- 
able to work. 

On tha slopes of the 4:lay slate hills of the Cambrian and Silurian systems, 
flourish the vineyards of the middle Rhine, the MoseUe, and the Ahr. 

H.^-MlCA-SLATfi AMD GnEMS StSTEMS. 

21 ^ i Bitea-Slate^ Ondss Rock, The upper of these formations con - 

ststs of thin undttlatinglayers Of rock, 
consisting chiefly of quartz and mica, 
alternating occasionally with ffreen 
(chlorite) slates, common clay-slates, 
quartz rock and hard crystalline lime- 
stones. The gTieiss is a hard and 
solid rock of a similar nature^ consist- 
ing of many thin layers distinctly vi- 
-. sible, but nrmly cemented, and as it 

were half-meltea together. 
ExTENT.-T>Two-thirds of Scotland, comprehending nearly Uie whole country 
north and west of the Grampians, consist of these rocks. In England there 
is only a small patch of mica slate about Boh Head and Start Point in South 
Devon, and a somewhat larger in Anglesey-; but in Ireland, nearly the whole 
of the counties of Donegal and Londonderry on the north, and a laree portion 
of Mayo^ Connaught, and Galway, on the west, are covered by rocks oelonging 
to the mica slate system. 

Soils. — These rocks are, in j^neral, harder still than those of the Cambrian 
system, and still more impervious to water, when not highly inclined. They 
crumble slowly, therefore,, and imperfectly, and hence are covered with thin 
soils, on which, where good natural drainage exists, a coarse herbage springs, 
and from which an occasional crop of con^ may be reaped — but on which, where 
the water becomes stagnant, extensive heaths and bogs prevail. That they 
contain, when perfectly decomposed and mellowed, the materials of a fertile soil, 
is shown by the richness of many little patches of land, that occur in the shel- 
tared valleys, of the Highlands of Scotland, and by the margins of its maiiy 
lakes. In general, however^ the mica-slate and gneiss eountir is so elevated 
that not only does an ungenial climate assist its natural unproductiveness, but 
the freouent ridns and rapid flowing rivers bear down to the bottoms of the val- 
lies or forward to the sea, much of the finer matter produced by the decay of the 
' rocks,*— leaving only a poor, tliin, sandy soil beliind. 



Sf6 VCKTtUTT DBVXRSVirT ON OBOliOaiOAL BT^treTUKS. 

On t^««* hu^ dite wd peif* rocks MrtwMi¥# ]Biae Jww t o in SiBidcn and 
Norway ha^e long lived and died. In theee tmialrief il ia cniMHBiaiy in muKf 
pUoea to bum down the wood, to etrew the ^ihes over tht Uun soil, to hamw 
in the eeed— 40 reap tkus one or two harvestaof lye, and to abandon it again to 
nature. A pov^ of beeoh first springa up, whi«h i> tupplaniad*by an aAer- 
giowtb of pina, andifinaUy din^ppaars. 



Socb if A g»oend deacripdoii of the nature and order of soeeeaaion of 
the etraltfied rocka, aa they qceor in Great Britun and Ireland— of cfae 
relative areas over which ihey aeverally appear at the surface— And of 
the kind of soils which they produce by their natural decay# The con- 
sideration of the facts above stated,* shows how very much the fertility 
of each district is d^peodeot upon its geological 8tructure-'*-bow nauch a 
previous knowledge of that suucture is fitted to enlighten V9 fq ragardio 
the oature of thesis to be expected in any distnct— to eiiplaio anoma- 
lies also in regard to the unlike agricultural eapabiUtiea of soils appar- 
ently similar— <to indicate to the purchaser where good or better lands 
are to be expected, and to the improver, whether the ineans of amelio- 
rating bis soil by limeing, by marling, or by othe> judicious admixture, 
are likely to be within his reach, and in what direction they are to be 
sought for. There still remain some important branches of this subject 
to which, at the risk of fatiguing you, it will be my iltty briefly to draw 
your attention in the following lecture. 

* For mileh of tiae pncOcal infonnation oonlained Id ttiie eectioii, I heve to exprem my 
obligarioni to the foUowinf woricar—For the extreme •oothem eoaotiee, to De La Beebe*e 
GeologUal Report on Oomuatt and Devon.; and to e paper br Sir Cbarlee LepDoa, Bart, on 
the AMrietObural Pnduee^ Qemw^, *^for Walee and the Border counties, to Marchjson'e 
Siktrian Syetem t'^^tof the mlend eoiintiee of England,' to Morton on aoOe, a work I have 
In a previooa note recommended (o the aJttentioh oAhe reader ; for Yorkshire, to e-pap«r by 
Sr John Johnston, Bart, in the Journal of the Boyai Agricultural Society ;— and for the Old 
Red Band-stone of the north of Scotland, to the werj InteresUng iUtle work of Mr. Miller en 
7%# 014 Med Sand^etem- The render would read the above section with mueh gmier 
profit if he were previooelj to poasewiiUaeelf of Phillip's OutUne Map of the Geology of the 
Sritieh idpttd». 



LECTURE XIL 

their degTadaUon—aouiderlTea from them--aaBeriloUl a£eamalatioDf^tli«Ur influane* 

It lias been stated in tiie preceding Xjectute, (4 6, p. 237), tint tbe M^ks 
which preaeDt themselves at the surfoce of the earth are of two kinds, 
distinguished by the terms stratified and mHrat^ed. The former 
eramble away, m general, more rapijily than the latter, and form a ra* 
riety of soils of whicli the agricultural c)iaract6rs and eapabilities have 
teen shorthr explained. 'The uostratified or crystalUne rocks form soils 
of so peculiar a character and possessing ligricnltural capabilities ia 
general ap ditferent from those of the strati^d robks which occur in the 
same neighbourhood, and they, besides, cover so large and hitherto so 
unfruitful an area in our island, as to entitle them to a separate and 
somewhat detailed considerittion. 

§ 1. CampMition dfthi Chanitk lti)ck$. 

The name of Oranite is given by mineralogists to a rock conBisting of 
a mixture more or less intimate of three simple minerals — Quartz, Mica^ 
and Felspar. A^ben Mica is WAnting, and HorMi6hde occurs in its 
stead, the rock is diBtiuiguished by the name of Sfjftmtt. This mineral* 
ogicai distinction is Q&»n negleCfed by the geologist, wik> describes large 
tracts of country as eovered bygraiutic rocks, thotigh there may be 
many hillis or mountains of syenite. In a geological seqse, the distinc- 
tion is often of little coasequence; ifi relation to agriculture, however, 
the distinction between a granite and a syenite is of considerable im- 
portance. 

The minerals of which these rocks consist are mixed togetlier in very 
~ variable proportions. Sometimes the quartz predominates, so as to con- 
st! tiite two-thirds or three-fourths of the whole rock, sometimes botb 
mica and ouartz are present in such small quantity, as to form wbat is 
then called a felspar rock. Hie mica raffely exceeds oae^xdi of the 
whole, wb«le the ^^Ornbleade of the syenites sooietifues ibrms nearly 
one half of the entire rock. These di^rences also are often overk)okc!d 
by the geologist— thoiM(h they necessarily produce important difiereoces 
in the composition and agricultural characters of the soils derived fixxa 
the crystalline rocks. 

A few other minerals occur occasionally among the granitic rockft, in 
sufficient quantity to affect the composition of the soils to which they 
give rise. Among these, the difierent varieties of tourmaline nxh in 
many places abundant. Thus the schcri rock of Cornwall ooasistS' ef 
quartz and schorl (a variety of tourmaline), wliile crystals of soberl 
are so frequently found in the granites of iDevon, Cornwall, asd ibe 
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Scilly Isles, as to be donsidered characterisdc of a very large portion of 
them (Dr. Boase). 

These rocks decay with very difierent degrees of rapidityr-accord- 
ing to the proportions in which the several minerals are present in 
them, and to the peculiar state of hardness or aggregation in which they 
happen to occur. Both the mode of their decay, however, and the cir- 
cumstances under which it takes place, as Well as the character and 
composition of the soils formed from them, are materially dependent 
upon^the composition c^the several minerals of which the rocks consist. 
This composition, therefore, it will be necessary to exhibit. 

1^. Quartz has already been described (p. 206), a»a variety of silica 
—the substance of flints, and of siliceous sands and sand-stones. -In 
granite, it often occurs in the form of rock crystal, but it is more frequent- 
ly disseminated in small particles throughout the nx:ky mass. ^It is 
hard enough to scratch glass. , 

2°. FeUpar is generiuly colourless, but is not unfrequently reddish or 
flesh-coloured. On the colour of the felspar they eontain, that of the 
gratoites most frequently depends. Several varieties of this mineral are 
known to collectors. Besides the common felspar, however, it is only 
necessary to specify AUnte, which, in appearance, closely resembles fel- 
spar, often takes its place in granite rocks, and in chemical constitution 
differs from.it only in containing soda, while the common felspar con- 
tains potash. These two minerals are readily distinguished from quarts 
by their inferior hardness. They do not scratch glass, and, jn general, 
may easily be scratched by the point of a knife. 

They coneist respectively of— • 

FekpMh Albfte. 

Silica .... 65-21 69-0^ 

Alumina . • • 18-13 19*22 

Potash 16-66 -- 

Soda .... — tl-69 

100-00 100-00 

It is to be observed, however, that these minerals do not generally oc- 
cur in nature in a perfectly pure state— for though they do not essential- 
ly contain either lime, magnesia, or oxide of iron, they are seldom found 
without a sm*11 admixture of one or more of these sumtances. It is also 
found that while pure fels[)ar contains only potash, and pure albtte only 
soda, abundance of a kind of intermediate mineral occurs which contains 
both potash and soda. Such is*the case with the felspar of the Siebenge- 
birge, on the right bank of the Rhine (Berthier), and with those con- 
tained in the lavas of Vesuvius and the adjacent parts of Italy (Abich). 

In these two minerals the silica is combined with the potash, soda, 
and alumina, forming certain compounds already described under the 
name o^ silicates (p. 207). 

FeUpar consists of a silicate of alumina combined with a sUicate of 
potash. Alhite of the same' silicate of alumina combined with a silicatt 
of soda. 

3^. Mica generally occurs disseminated through the granite in small 
shining scales or plates, which, when extracted from the rock, split readi- 
ly into numerous inconceivably thin layers. It sometimes occurs also 
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in large masses, and is of varioas odours— white, grey, browo« greeo, 
and black. It is soft and readily cut with a knife. The thin shining 
particles that occur in many sand- stones, and especially between the 
partings of the beds, and give them what is called a micact<m$ charac- 
ter, are only more or less weathered portions of this mineral. 

Mica also consists of silicates, though its constitution is not always so 
simple as that of felspar. In some varieties magnesia is present, whilst 
in others it is almost wholly wanting, as is shewn by the following com- 
position of two speq^mens nom different localities. 

Poiuh. MagniMiao. • 

BCica. lilca. 

46-10 40-00 

31-60 ' 12-67 

8-65 19.03 



Silica .... 
Alumina • . . 
Prot-Oxide of Iron 
Magnesia . • • 
Potash .... 
Oxide of Magnesia 
Fluoric Acid • . 
Water .... 



— 16-70 

8-39 . 5-61 

1-40 0*63 

1-12 2-10 

1-00 Titanic Acid 1*63 



98-26 . . .97-37 

If we neglect the three last substances, which are present only in small 
quantities, and recollect that the silica is in conAinaUon wim all the 
other substances which stand beneath it, we see that these varieties of 
mica consist of a silicate of alumina^ combined in the one with silicate 
ofirofn and sUiaUe qf^ pftaSfhtLnd in the other with nLicate of iron and 
micaU ofmagnesia. 

4^. tibrnbjende occurs of various colours, but that which forms a con- 
stituent of the syenites and of the basalts is of a dark green or brownish 
blaqk colour, is oflen in regular crystals, and is readilv distinguished 
from quartz and felspar by Us colour, and from black mica by not split- 
ting into thin layers, when heated in the flame of a candle. It consists 
of silicates of alumioa, limCt magnesia, and oxide of iron, or per cent, 
of— 

Basaltio flyenftie 

Hornblende. BoraUeDde. 

SiUea ..... 42-24 45-69 

Alumina .... 13-92 12-18 

Lime 12-24 13-83 

Magnesia .... 13*74 • 18-79 

Prot-Oxideoflron . 14-59 7-32 

Oxide of Manganese 0-33 0-22 

Fluoric Acid ... — 1-50 

97-06 99-53 

A comparison of these two analyses shows that the proportions of 
magnesia and oxide of iron sometimes vary considerably, yet that the 
hornblendes still maintain the same. general composition. ^ They are re- 
markably distinguished from felspar hy the total absence of potash and 
goda, and by containing a large proportion of lime and magnesia. From 
the potash-mica they are distinguished by the same chemical difieren- 
C88, and ffom the magnesian mica by containing lime to the amount of 
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th ptn of that wholo w«ifffat. Suck diSeredee^ mwt materially af- 
fect ihi coDfldtutidn and agricultural capabiliiic» oi the aoils formed from 
these several mioerals, aild they show the conectiieae of what I bava 
pievioasly stated to you— 4hat mioeralogical differenees ia tocks which 
may be negledted by the geologist, may be of great importance in ea- 
plaming the appearances that preseot themselves to die philosophical 
agricolturist. 

4°. Sekorl Qsaally occurs in the form of long black needles or prisms 
disseminated through the granitic rocfc« and generally (in Cornwall) at 
the outskirts of the granite, where it comes mto contact with the slate 
rocks that surround it (De la Beche). It consists of a silicate of alumi- 
na in combination with silicates of iron and of soda or magnesia. Two 
varieties gave by analysis— . 

Bcbori TiiahikaUiie 

ftom Defoathin. from ftwedMi. 

Silica 35*20 37*66 

Alumina, . ^ . . 35*50 33-46 

Magnetic Oxide of Iron» 17*86 9*38 

Magnesia, .... 0*70 10*98 

Boractc Acid, . . . 4*11 3-83 

Soda S2-09 Soda dc potash, 2*53 

Jiime, 0-55 0*25 . 

Oaideef Manganese, 0-43 -— 

96*44 , aeod 

Tlds mineral, according to these analyses, fs chhraeteriM by cotH 
taining from j^ to iV of its weight of masnetic oxide of iidn,* and soine^ 
times ^ of m^teia; The presence of Boracie iK^\ ii alsb a itaiaHc- 
able character of ihis mineral, but as neither th\B pitseilce bf thi^ sub^ 
stance in any soil, nor its effect upn Veget^tiob, haVe Hith^hd b^n ob- 
served, we eaii form ho opinba in reglud to iti Importtoce hi an agri- 
cultnral point of view. 

§2. CfihedegraeUUimof the GrarntieToek9tafulrfihe$oiUJbrmed 
from them. 

The granites, in general, are hard and durable rocks, and but little af- 
fected by the weather. The quartz they contain is scarcely acted upon at 
all by atmospheric agente, and in very many cases >the felspar, mica, 
and hornblende yield wiih extreme slowness to their degrading^ power. It 
is chie^y to the chemical decomposkufn of the felspar that the wearing 
away of granite rocks is due, and the formation of a b^\ fhMii their crum- 
bling substance. 

It has been stated that the felspars consist of a nlicate of alumina m 
combination with silicates of potash or of soda. New these laUer sili- 
cates are slowly decomposed by the carbonic acid of the air (see p. 207), 
which combines with the potash and soda, and forms carhanaUs of these 
alkalies. These carbonates are very soluble in water, and are, tfaere- 

* This oxide to eompoted oT tht JbrH and Memtd ojddet oflron deteribed in p. 21A 
t Boncie aeld oecuri In eombinalion with toda in Uie eommon b^4* of the ShdfaS. H 
eombinet With trade, P««^t HSle, 4kc., and fenni teitilai. In tti* leheri U ^^MitiAt Wm 
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i^ washed away by the first shower oC rain that falls. The insoluble 
nliea and the silicate of aluraiiia are either left behind or are more slow- 
ly carried away by the rains in the form of a fine powder (a fine porce- 
lain clay)* and deposited in the valleys or borne into the rivers and lakes, 
—•while the particles of quartz and mica, having lost their cement of fel- 
spar, fall asunder^ and ibrm a more or less siliceous sand. 

Granite soils, therelbre, on bH hanging groutuU^'-^n the sides and 
slopes of hills, that is—^are poor and sandy, rarely containing a safilcient 
admixture of clay to enable them to support crops of corn— while at the 
bottooisof the hills, whether on flat or hollow grounds, they are com- 
posed, in great measure, of the fine clay which has resulted from the 
gradual decomposition of the felsptir. 

This clay consists chiefly of the silicate of alumina contained natural- 
ly in the fblspar-^it differs little, in short from that which has already 
been described (p. 161), under the name of pure or pipe clay, which is 
too stiflfand intiiactable to be readily converted into a prolific soil. 

It will readily be understood how such soils— decomposed felspar soils 
—most geneniTly contain a considerable quantity of potash from the 
presence of minute particles oif silicate of potash still undecomposed ; 
and it will be as readily seen that they can contain little or no lime, 
since neither in felspar nor in mica has more than a trace of this earth 
been hitherto met with. 

We have seen, however, that hornblende contains from ^th to jthof its 
weight of lime, and as the same carbonic acid of the atmosphere which 
decomposes the felspar, decomposes the silicates of the hornblende also,^ 
it is clear that soils which are derived from the degradation of syenitic 
rocks, especially if the proportion of hornblende present in them be large, 
will contain lime as well as clay and silica^ Thus consisting of a great- 
er number of the elements of a fertile soil, they will' be more easily 
rendered fruitful also— must naturally be more fruitful — ^than those 
which are formed from the granites, correctly so called. It is to the pro- 
sence of this Uroe that the superior fertility of the soils derived from the 
hornblende slates of Cornwall, already adverted to (p. 255), is mainly 
to be ascribed. 

Schorl, as above stated, contains much oxide of iron, and sometimes 
five or six per cent, of magnesia. It decomposes slowly, will give the 
soil a red colour, and though it contain only a trace of lime, vet the ad- 
mixture of its constituents with those of the felspar may possibly amelio- 
rate the quality of a soil formed from the decay of the felspar alone. 

It thus appears that a knowledge of the constitution of the minerals of 
which the granites are composed, and of the proportions in which these 
minerals are mixed together in any locality, clearly indicates what the 
nature of the soils formed from them must be— an indication which p|er- 
fectly accords with observation. The same knowledge, also, showing 
that such soils never have contained, and never can, naturally, include 
more than a trace of lime, will satisfy the improver, who believes the 
presence of lime to be almost necessary in a fertile soil, as to the first 
step to be taken in endeavouring to rescue a granitic soil from a state of 
nature— will explain to him the reason why the use of lime and of shiitl 
•and on such soils, should so long have been practised with the best ef 
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f06tll,<«md trfll enooQFBge faim to pemerere in a toonw of tivutriiixBl 
whiobf while 90gge6ted by (beory» is confirined al9D by jirMci^e, 

Extent ofgramde rocks in Great BrUam and Jr«toiirf.«*in Enghrwh 
the Only exteonre tracia of granito occiit in Cortiwaii aiid BieVon^ pro* 
Mtidag themseWea here aad titere in isolated patcbeA itmx^ tiM SAtty 
Isles and the Land's End to Dartmoor in South peron. Ib th^ latter 
locality, the grasite robks cover an area of about 409 sq^ai^ miten. Pf6- 
ceeding northward, Tarioos small out-buntel* of aranite appeahr in tba 
Isle of Anglesey, in Westmoreland, and in CdfnWhkndi and nonh of 
the Solway, in Kirkcudbright, it eittends over 150 or 2041 sqoki^e mltek^ 
— but it is at the OranopiaA Hills that fbes^ rocks begin a» be mibst fft- 
tensively developed. With the exceptiob, indeed, of the imedi^ Of bid. 
red sandstone already boticed, ifearly the whole of SMtlttod, ntirili tif tbe 
GrampSans— and of the weatei-n islands, excluding Skye and Mtfllv dm- 
siists of granitic rocks. 

In Ireland, a range of granite (the Wicklow) moobtatoft ttlbl «Oc^h ^ 
west from Dublta to tiear New itoM^the same rock ftrrm^ a totMhr- 
Hble porti6n of the mountainous disitricts in tbe Dorth-w«6t Ot Pm9%eAt aftd 
in the southof Gal way— covers a less extensive area in AmM^hs add ffe- 
sents itself in the form df an isolated patch in the county i§iOk¥t}6f. 

Sails pftht gratUHe rocks. — From what has ivseti a)re4<ty dHH^ 9n fe- 
gard to the composition of granite, it is clear from theory thM lib gettt- 
ratly uniform quality of soil can be expected to re»trtt fVom Ift ^dt^tsb^^jm- 
sitioD, and this deducticm is contitmed i>y practical db^erVatkAfri Wher& 
quarte h more aboadant^ or Whe^ ^be day is wasted bm, fb^ -MX i6 
poor, banl^yi atld Unfruitful-:— such, generally, is k^ thMM^r ^ \hk 
more Exposed ftlop^ of tbe HHs ia th^ Western Isles^ iinci ia tiM b6rtb 
of Scotland.— [Maedonald'b Agriculture Survey oftfte Hehriite^ p> «6* J 
In tbe hollows and levels, "Where natural drainage ekist&s stiff btay sdf Is 
prevail, which are oifteb cold and'tinfruitful, but arte eapMb of am^«^ 
ration where the depth of earth is Sufficient, by draf>mng aiid Ah&riiiB^ik 
liming or ilfiarling. "Where there is n6 batiiraf drainage, V^eta^^lb mat- 
ter accumulates, ad We have se^n to be the case on ^he tfO^rfkee of a^^'- 
pervious rocks— and bogs are formed. In tbe north t>f Scotkadd^lAd lit 
Ireland, and hi the high lands of Daitinoor (DevM>, theefe tfh; 'e¥e)^ 
where seen in siich localities, and it is said that fwiy-tbfidk idT tfib m* 
brides ^e Covered With peat bogs moi^e i^ less ^«iclatiliabfo% 

In Cord wall abd Devon, the granitic soils (^fn»t0dt^s(^, 'ife'ihby aH) 
there called) areob^rved t6 be iho^e pMdu<HiV« inb ^6 hilfs dlimilh 
in height. Thus Dartmodr b coveted obly with h%ath, ^ba^/^^ybb, 
and peat ; While in the Scilly Isles t'he groivan hmd phxldces |obd cit6f^ 
of wheat, 'potato^, barley, and g^asui; and tb% skm^ tt dftseHf^d lit 
Moreton HampMead, in I>evon, where tolerable crops of barley af e i^^i^, 
and potatoes, Vhic^ are highly esteemed in the Exeter market (De La 
Beche). N<> ddjibt th^' cKmate bais something to do With these dlflfer- 
eflc^si bbt tbe }e6s the elevation, and the Consequent washin|^ tf tba 
rains, tbe inbre of the clay will remain mixed with the siHceoa^ aahd ; 



s mor« ancient date (see p. 237>. 



iMniii6 III Km 6i bMn tntM ^CttlDM^t ^ BttiiiH TnfflBt^liM fti ill% (SOrtl^^lMiftilt 
of H^ tmiMitti^iH tttin^Kilft, afUki not lo b<3 d«tMt^ by thte e^« ttiHy iam» 
lerialiy afiect the character of tbe granitic soils* 

< jflceottditig «d Dr. Paris, the presettee of mttch^ ikileti d«t«i«R«es thess 
80lto{ whitb tbttt which is formed at the edges of the gratiit^, when it 
comes in oonf act with the Mate iroeks, is of a more fertile t|uiility . The 
latter remurk, howeirer, does fine tmi^nally ttivpty,— -especially where 
the jMnite^ ta aft the edges of Dan medf) tuNMaitys much schorl, (De L« 
B<^he)«'i^tid the ^jvesenoe t>f mica, in the richest smls of t'he i^ marl, 
woidd seem to imply ihsit this mineml is fitted materially to promote 
the ferfility of a soil \u which the cither ewthy itigrediems lere property 
adjostedi 

Th^ mote elei^ted ftud chiii gnttiitib soils mt Mid to he ihted for the 
growth eCliiith ( iche lower and deeper Mile^ whidh tidmit of ^ use of 
the^plougth htt^e hewnlhimd to yield n thtee-fbldTstiim of torti hy the 
use^flkKte«loitie« 

S 4. Of the trap rocka^ and the soils formed /rem them* 
Of the XtBp locks there are seTOval varietiesi of which the moet impor- 
tant are disiinftiished by ;the names of CrreeMtone^ BasaU, and filer* 
pentine, 

Tbe (?resfi*«toiMi ooasirt of « mixture more or less intimate of ftlspar 
and bombiende, or of li^|Mir and augiie* Tbey are dastingntshed from 
the giAoites by the absence of mica and quartz, and by the Ipreseoce of 
the hornblende or augite, often ill eqaiil, and net ttnlreqiiently in^ireaier 
qaaotity (ban the felspar. In the grtoitea, the fekpar «Bd qnwtE io« 
getber generally forBi upwards ef -|^ of the whole mais. 

AugiU is a iniaemi bavinff much resemblaaoe (o hortiblendfi, and, 
li ke IN ocea tril^ of various colours. In the tmp tocks it .is usually ^ofa 
dark ^green lippmaefatiig to black* It ]generally«ontains ibuch tiaie and 
oxide of iioti in ihe sta|e of silioate^ Tbe comjpositkR] «f two variaties 
oomoaxed Widi thai i^baeaUie hornblende is as follows :*« 

Black Aogite AugUefromOM ^liMslflc 

finbm ftureden. lava of Veaafjui. Hornblende. 

StliCH 63*36 5d-9d (12^4 

ijitnt ....... 2te-lS '1i^i^ 1^-24 

mignesb ...... 4*^d 1'4*43 t^U 

P«*-aridebflrtm . . . ir-3B t-fA r4-5d 

Pfbt^Oxidettf Manganese . (HMI -<- ty-^S 

Aluttiteti ...... — 5-3t 15-92 

&8-01 ^9-91 97 1&6 

The pi^ottftfiance of this minieral ('!an|;ite) or of honiblende in ifhe 
green-Motre Wbkjs must necessarily catrse ft very tnaterial dZflTerence in 
the imttite tif the Mitts produced m>m thetr decav, compared with those 
which are formed ham the granitic rocks in which ihe felspars are the 
pirdomlair^og minerk] ingi^ient. 

2^; BaiaJlX consists of a mixture, in varia1>le proportions, of atigild» 
mUgnetlc okide of iron, and zeoHte.* It differs in appearance ftom green- 



* f^mth aritWumt ftlMor** tn addttion io aa^e, tnaffneae Lrov, alid aeolfto, laaagr te* 

^ts «)fttlAiitt»>«)toafderable^rtioh of ce^ '- — ^J- -"- •-— 

which Uie name of n^heiim haa oeen glTen. 



■dts eonriAi iDM» vobtfdarable ^iHoh of certain tmrUiie* of fetepai^ aapMlallf of mm to 
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•tone, chiefly by the darknete of its colour, and by the minuteness of the 
perticles of which it is composed, which, in general, cannot be distin- 
guished by the naked eye. 

ZeoUU IS a generic term apptied to a great number of mineral species 
which occur in the basalts, and often intermixed with the green-stone 
rocks. They differ fromfthpar in their greaUr toluhilUy in acids, and 
by generally eonUdning 2tm«, tphere the latter contains potash or soda. 

It may be stated, indeed, as the most important agricultural distinc- 
tion, between the granitic and the true* trap-rocks, that the latter abound 
in lime, while in the former, it w often entirely absent. If in a greeo" 
stone only one-fourth of its weight consist of angite, every 20 tons of the 
rock may contain one ton of lime. If in a basalt the augite and zeolite 
amount to only two-thirds of iu weight, every nine tons may contain a 
ton of lime. The practical farmer cannot fail to conclude that a soil 
formed from such rocks roust possess very diflferent agricultnral capabil- 
ities from the soils we have already described as being formed from the 
decomposition of the granites. ^ 

3^. Serpentine is a greenish yellow mineral, consisting of silica in 
combination with magnesia and a little iron, and oeeasumaUy a few 
ponnds in the hundred of lime or alumina. The distinguishing mgredi- 
ent is the magnesia, which generally approaches to 40 per cent* of the 
whole weight of the mineral. Bocks of serpentine are generally mixed 
with magnetic iron ore, flind with portions of other minerals in greater 
or less abundance. 

Extent of the trap rocks in the BriHsh /s^#.— The serpentine rock oc- 
curs to any extent only in Cornwall, about the Lizard Point, where it 
covers an area of 50 sooare miles. The green-stones and basalu are 
only met with here ana there in^mall patches, until we get so far north 
as the Cheviot Hills, which consist of these and other varieties of trap. 
It is in the low coantry of Scotland, however, intermixed with and sur- 
rounding the great-coal district of that part of the island, that the greatest 
breadth of trap is seen. It there stretches across the island in a south- 
west direction, and in detached masses, from the Friths of Tay and 
Forth to the island of Arran, covering an area of 800 or 1000 squara 
miles. In the prolongation of the same line it re-appears in the north- 
east of Ireland, and extends over the whole of the county of Antrim and 
a small part of Londonderry and Armagh. In the most northerly portion 
of this tract die well-known columnar basalt of the Giants' Causeway 
occurs. On the west coast of Scotland the trap rocks cover nearly the 
whole of the islands of Mull and of Skye— to the west of the former of 
which islands lies Staffa with its celebrated basaltic cav^. 

Soil of the trap rocXrs.— -The soil of the serpentine rocks at the Lizard 
is far from fertile, retaining the water and thus forming swamps and 
marshes. Even where a natural drainage exists it rarely produces good 
grassi or average crops of corn. It is remarkable for growing a pecu- 
liar, very beautiful heath— ^rica vagans^^which so strictly limits itself 
to the serpentine soil as distinctly to mark the boundary by which the 
serpentine is separated from other rocks (De La Beche). From the 

* Sfgrpentine is not nnertUj indaded Mnoof the true trap rockt: it tt toehidsd unonf 
them here as it often Is by f eolof ists, t>ec«use in manv places, as at the JJau4* it ocean 
along with inie green-alone. . 
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compositioa of serpentine we might be led to suppose that the com para-' 
tive barrenness of the soils fonnecLfroni it is due to the large quantity 
of magnesia which this mineral contains ; and this may, in some cases, 
be partly the cause. It would appear, lioweverf-lhat these soils often 
contaiii very little magnesia, the long action of the rains and of other 
ageou haying alm<At entirely removed it (see p. 209), and yet they stiil 
retain their barrenness. But they contain .no lime, and, therefore, after 
draining, the .first great step to take in order to improve such soils, is to 
give them a good dose of lime. How this step is to^e followed up will 
depend Mpon the effect which this treatment is found to produce. 

The soil of the green-stones is generally fertile, and it is more so in 
proportion as the hornblende or augite predommates— that is, generally, 
m proportion to the dark^ss of its colour. 

In Cornwall and South Devon, where scattered masses of trap occur, 
consisting chiefly of hornblende and felspar, they **afR>rd the most fertile 
soiUof any in the district when their decomposition has taken place to 
ai sufficient depth** (De La Beche). Wherever the trap rocks (locally 
4un'SUmes) are observed at the surface, ^* it is deemed a fortunate cir- 
cuiiistance, being a certain indication of the fertility of the incumbent 
soils.'* — [Worgan*s View of the Agriculture of ComuHiU, p. 10.] The 
feuperior .fertilily of the neighbourhood of Penzance is owing to the pre- 
sence of these rocks (Dr. Paris), and where their detritus has been mix- 
ed with that of other rocks— ras with the worthless granite soils— it ame- 
liorates and improves their quality. J 

The Same general character is exhibited by the trappean soils of other 
districis of the island. The height of the Chevibt Hills renders the cli- 
mate in many places unfavourable to arable culture, yet they produce 
the sweetest pasture,* while the low country around them has been 
largely benefitted by admixttire with their crumbling fragments. Tbe 
whole of that lowland tract of Scotland, over which these rocks extend— 
comprehending the counties of Ayr, Renfrew, Lanark, Linlithgow, 
Fife, and portions of Perth, Sterling, Edinburgh, and Haddington,— ex* 
hi bit the fertile or fertilizing character of the decomposing green-stone. 
In Cornwall it is dug up as a marl and applied to the land, and in the 
neighbourhood of Haddington I have seen a farming tenant {a leasehold- 
er) removing twelve inches of trap soil from the entire surface of a field, 
for the purpose of* spreading a layer of an inch in depth over twelve 
times tbe area in another part of bis farm. There can be no doubt that 
this mode of improvement is within the reach of many proprietoro and 
farmers— especially along the southern borders of Perthshire, and near 
the more' elevated of Ayr and Lanark. 

To the north of Ireland, and to the Western Islands, the above re- 
marks, with slight modifications, arising from local causes, will alsp ap-^ 
ply*. For example, where the surface is flat, and the rock impervious, 
water will collect and heaths and bogs will be produced, which only 

* It is a Biogulur fact obserred hers aad there among (he Cheviot Hills on the twrder. that 
where sbeep^are folded or pasture on hills of trap which are covered with delicate herbage, 
tkeT are attacked of whkt ii» locally caUed the pining ilL,—they pine away, become indolent, 
mud are unwilling to move. The cure is to drive them to a neicnbouring 9and-Honejm»tur9f 
where they beconCe again active, and begin to thrive. The pining hiua ou each farm are 
well luiown, and the tenant haa no hesitation in pointing to this and to that hill as those oB 
Which tlie sheep are sure to pine, if kept upon them only. 
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draimnc can romeire. Ility ail»ply aim to otlmr «tfiiBti$eb iMh^^m nkp 
rocks aiound'— ib6 only ftrtilo tracts tof Abyssifrfe, ^ fnft'lHHMt hblA 
found in Talltes and on onooniani slopca, irhers th« soil is tdttip&aed of 
the detritus of tfapp^n rocks <Dr« Rttppell 9 

Yet tbete are excefMions to this general rale. 

Where the felspar is largely predomilkanc, the Sdi! fortn^d fibm ths 
rock will partake more or less of the cold and barren charac^ter Of the 
stifier granitic soils. Sooh appears so be Ih^ case with some Of the traps 
which occur in the bonier coon^es of England aOd Wales tMtrr^hison). 

In the Isle of Skye*, again, a local pecoliariiy of a different kind ob- 
tains, the effect of which opon the soil is also to knstider it poor and un- 
productive. In that island the singt^arly beautifbl ridge of the CucEul- 
fen HiUs consiste of a variety of trap in which the augtte so fkr predoini- 
nates astD fbrai neariy tiM whole of ihe inountaiti ttitoses. But the 
aogite in this OeSe is a variety to tlrhich the kiaine of kypertOttiU has 
been given, aad which oootains mufeh magnesia kind djdde of iron, hut 
soorcuy a trace of eiikelt UmB or alu^M. The rock is vAy hard, and 
decays widi extreme slowness; yet however rapid fts decay might be, 
it could never produce a fertile soH. We have seeo thait the serpentine 
and granife soils are esse ntialty defidisnt in litne, bat a hypersthene^oit 
is in want both of Qme and of tirlay. It Would be still more difficult, 
therefore, to relidef the latter productive— even supposing, as in the caso 
of the sOrpemine soils, that the msgaesia Of the hypersthetoe* were most- 
ly washed away by the rains. 

Thus we perceive how eactly the Sfody of the compositk^ft of ihe dif- 
ferent varieties of the tftfp tocks explains the observed diflTetences io the 
quality of the soils derived Horn Ihem. When the minertils they contEua 
abound kk fime, (he soils thfey yield are fertile^— when thoSe minerals 
predominate in which Hme i^ wanting, the soils ate inferior, sotnetitties 
scarcely capable of cultivaddn. Agam, the ^r^'tfites abotind in potash; 
hot except in the syenites they rarely contaiYi lime, and their spils are 
geoeralty poor. £ret them be mixeil with th^ trap soils, and they are 
enriched. This would seem fairiy and cleariy to imply that the fonOity 
of the one is mainly due to the presence of hme, and the battenOess of 
the other to the absenfce of tliis earth. 

On this'snbject I will only ibnber add, that the moi^ tnodenti VolOSanit 
lavas which overspread ttaly, Sicily, patts of. iPrance, Spain, tod Oef- 
many, aMs closely related to the trap rocks Id their ^netiEd (iOmpoehion 
-*-and the fortiiity which overspreads Thousands of square mll^ of de- 
composed lava streams and ejections of Volcanic ashes In Italy aod Si- 
cily, is too well known to require any detsiled descripiion. 

§6. Of svpeifieud'WscunwlathttB^ 

by vhicktkty hive hem tritru^Mied* 
AbundSiit proof, t think, has nbw been advanced that a closa relation 

"* tbs bjrptnthMlft of Skys fans been fodiid to eooeiit of— 

BiUcA 61<36| Prot-ozide ofiroii ....;. 83-S2 

.Lime 1^1 Water - - OtO 

H^eeia * 1109 1 . -^ 

J 98-70 

The compotitlbn probably Tariee fti dlifbreot parte bf the rock, aome eootaiainf aiore sue- 
ncaia and leea Iron than la here reprteeoted.. 
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generaUy exvn» between the ^eoil aad the roeke on which 4t raMe» «ttd 
tnat the -geological kructure oTacoantiy, a» wjell «8 the cheimeal coiieti- 
tutioA of the i^nerails of which its several rocky mOMee ceneiet, have m 
prituar^ aod fuadametktai ioAuenoe upon ^e i^imukiiral eapabiiitiefl of 
itssurtace* 

AqcI yet I ehouM he leading you into a serious errar» were 1 to permit 
you to suppose that this intimate and direct relation is always to be ob- 
•prve4-<hat in whatever district you mav happen to be, yoa will find 
the soil taaihg its general character iroia the subjaoeBt rocke-^nd fhai 
where the samd rocks occur, similar soils are always to be expected^ 
On the contrary, m Very many localities the soil is totaHy different fioai 
that whicki would be produced[ by the degradation or decpoiposition of 
the rocks on which it rests. 7o infer, therefore, or <t9 precUct, that on a 
given jipot, where, according to the geological map^ red sand-stoae fbr 
example prevails^ a marly or other red sand*stene soil will necessarily 
b9 (bund-^or that where the coal measures are observed^ fxior^ uagrate^ 
ful laoa must exist— would be to ianstot to state cfpinione whieh a ^sit 
to the several localities would in many instances pbow to be oompletelv 
erroneous-*-«na nifhich in^ould bring undeserved discredit upon geologi- 
cal science. 

tn feuph cases as these ge<^ogy is not at fault. New oondkions only 
have supervened which render the iiatural r^ation between soils and 
rocks in those places less simple, and consequently more obscure. Yet 
a further study of geological phenomena removes the obsourity-^^howto 

* to what cause it is owing that in taBjuy districts the soil is sqch as could 
never h^ve l>een formed koai the isul^acent rocks— again places ibe ea« 
lightened a^iculturist in a conditioQ to pronounce -general^ from what 
rockd %\9 smls have been derived-— generally also what their agricultural 
capabilities are likely to be, and by what mode of treatment those ei^Ni- 
bilides may be most ^tiy dev^oped. 

Of the surface of Great Britain and Ireland it may indeed be titi^ 
isiai^,. that it exbibiu extensive tracts in which ihe eharacter of the soil m 
chrectly inflaeoced hy, and may be. inferred fiom« the character and 
composition of the eubjacent rook. To these districts the rules and ob^ 
servation^ contained in the preceding sections directly and clearly fifitplyb 
But other -extensive tracts also occur in which the character of the soil is 

. independent of that of the rocks on which it immediately cests^—tha 
caufe of this apparent di^calqr "we 910 now to consider. 

1°, I have ^already had occasion to >exp4aia to you in what wi^r aU 
rocks criraibte tnors or lees rapidly^ and give origm 10 soils or various 
kinds. Were '{he surfiu^es of rooks ooiibrnily level, and that of every 
country flat, the crumbled materials would >^aeraUy remain on thei|)oia 
where they were formed, fiut as already shown in the diagrams, ^- 
seited in page 33di the rocks rarely lie in a horioontal .posttioiH 
bat rest almost always more or less on their edgesVand theeurfoce ia 
such a countcy as eu^ is c^a mountuaous or hilly, and everywhere 
undulaifing., Hence the rains are contihaaily washing off the finer par- 
ticles from the higher» and bearing them to the lower groands-^nd on 
occasions of great floods, vast quantities even of heavy materials am 
borne to giredt dntlincea, aad spread sometimes to a great dM>th and ^er 
a great extent of conntry— [witness the still recent floods in Morayshire.] 
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Thus the spoils of one rocky fbrmatioD are borne from their native soil, 
and are strewed over the surface of other kinds of rock of a totally dit- 
ferent character. The fragments of the granite, gneiss, and slate rocks 
of the high lands are scattered over the old red sand-stones wHch lie at 
a lower level*— and those of the blue lime-stone mountains over the mill- 
stone grits, the coal measures, and the new red sand-stones, which stretch 
away from their feet. 

2°. But the effects produced by this natural cause, though they may 
be judged of in kind, can never be estimated in degree by what we per- 
ceive in our own temperate climates-MU our country of small rivers and 
gentle rains. How miist such effects exceed in magnitude, in districts 
where,— «s in the Qhauts, that separate the level land of (he Malabar 
eoast (the Concan)'from the high table-land of the Beccan,-rl20 inches 
of rain occasionally fall in a single month, and 240 inches or 20 feet, on 
an average, every year from June to September ! And to what vast 
distances most materials be transported by great rivers, such iss the Mis- 
sissippi, the River of Amazons, the Ghinges, and the Indus, which main- 
tain a course of thousands of miles, before thev empty theniselves into 
the sea? What necessary connection can the deposits of mud and sand 
which yearly collect at the mouths and in the places overflowed by the 
waters of these great rivers, have with the nature of the rocks on which 
these transported materials may happen to rest? 

3^. But the constant motion of the waters of the sea washes down 
the cliff's on one coast, and earriesaway their ruins to be deposited, either . 
in its own depths, or along other more sheltered shores. Hence sand 
banks aceamulate— as in the centre of our own North Sea: or the land 
gains upon the water in one spot what it loses in another— as may be 
seen both on the shores of our own island, and On the opposite coasts of 
Germany and France. 

What necessary relation can the soils thus gained from the sea have 
to the rocks on which they rest? Sup^xise the bottom of the North Sea 
to become dry land, what necessary mineral relation would then iSxist 
between the soils which would gradually be formed on its hundreds of 
square tniles of sand-banks, and the rocks on which those sand-banks 
immediately repose ? 

4^. Again, the sea, in general, carries with it aiid deposits in its own 
bosom the finest particles of clay, lime, and other earthy matters, and 
leaves along itt shores accumulations of fine siliceous sand. This sand, 
when dry, the sea winds bear before them and strew over die land, form- 
ing sand hills and downs, sometimes of considerable height and of gx^at 
extent. Such are to be seen here and there, in our own islands, but on 
the Eastern shores of the Bay of Biscay, and on the coasts of Jutland,-^ 
both exposed to violent sea winds,-^hey occur over much larger areas. 
Before these winds the light sands are continually drifUng, and, year by 
year, advance further and further into the country, gradually driving 
lakes before them, swallowing up foreslB and cultivated fields, with the 
houses of the cultivators, and burying alike the fertile soils and tl^e rocks 
fiom which they were originally derived. [In the Landes, the ad- 
vance of the downs is estimated at 66 to 70 feet every year.] 

You have all read of the fearful sands of the Afiican deserts, and of 



of populous dtids htid (^tti)» pXaitB^ Mh^fe oothitig bat \A<mii saods are 
now to be 9een» add geotogy easily l6ads us back to still more remOile 
periods, whea ibe btoad kOnes of sandy d«ltert wei^ bul narrow siri^ 
ot blown sand aloog the shores of the sebt or beds of eottiparauvel^ loose 
sa&d-stonei, which here and there came 10 the saf;fa€e) and whieb the 
winds have gradually remoTed from their original sttSy and walled widely 
over the land. 

Whererer these sand-drifU spreadi it will alsd be dear to yo«, that 
there may be no neoesslMry similarity b^twe^ia the loose materiali on 
the surface and the kind iof rOck over which thete oitfteriab aVe strewed. 

5°. Along with these I shall niebtion only one <Hher great agent by 
which loose loateriais are griiduiEilly transported to considerable dis- 
tances. 

It is observed in elevated countriH, where the snow tiever Entirely 
melts, and where glaciers or sheets of ice hang on the mountain Sides,*^ 
descc^nding towards the plains afe the winter's cold copies on, and again 
retr^^ttng towards the mountain'-tops at the approach oi the sofi)mer*8 
faeat-^that the edg^sof the glaciers bear before iheiki into the vallfeys, and 
deposit Iklong their edges^ banks of conkal ridses of sand and gravel 
(Mpratnes). These consist of the fragments of the rocky heigfats« worn 
and rounded by the friction of the sheets of ice beneath which they 
have descended from above, and from the edges of which they finally 
eseape into the plain.^ 

These ridges of sknd and gravel accnmtilatA till dome mdre sudden 
thaw than usual, or greater summer's heat arrives^ wbei) they ak« more 
or less cotaipleiely lMK>ken up by the rush 5f wtitek: that ensues^ and att 
dispersed over the subjacent tracts of l^vel land. 

When the rocks are of a kind to rub down sd find as to form mUch 
mud as well as sand or gravel, the ridges dre of a foor^ clayey ^hlMrac- 
ter. And where the edges <^ the glaciers descend to th^ bcM^deTs of lakes 
or sea^as in the Tierra del Fuega^^^his mud is washed aW^y and 
widely spread by the watiBrs* while the gravel a^ sand reihatii nearer 
their original site; or^ finally, wh^n the ice actually T>verhAng8 the wa- 
ter, huse fragments break oflTnow and then-^lbaded with masses of gra- 
vel and sand, or even with rocks of large siae,<^whiich fingmeots float 
away often to great (tiscances and drop their stony burdens here and 
there, as they gradually meh and disappear. 

To these mots, let it be added, that recent geokygtcal researehest of « 
very interesting kind, tend to^show that nearly all the elevated tracts of 
country ilk the tempiirate i^bns of Surope and Ameriea'^in our 6Wn 
island aikiiong other kciditieo^have been t^vered with gkciers bt a 
comparatively .i^eeettt period, (geologically ^[leaking,) and (hat these sla-" 
iciers have gradually retreated step by step to their present altitudes, 
haltinjg; here for a tim^, and lingenag there ;«*-and we shall find reason 
to-be(i^v^ tiiat traces of transported miftteriBUh««>moved fiom their origi- 
nal *ite by this bgeot aboM^^ure to be looked for on almoet every geolo^ 
gioal formation. 

Aiid snob the gei^ogicfld observer finds to be in feldity the calie» 
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§6. €f Qitoeennmoe of^wk aecuimidatioru in^Oredt Britetn, andof 
their injlttenee in modifying the character of the 80U. 

Such aceumalations, for example, present tbemselves over a large 
portioD of our owo islaod. Thus,' in Devonshire, the chalk and green 
sand are so completely covered by gravels, consisting of the fragments 
of older rocks from^the higher munds, mixed with chalk-flints and 
chert, that nearly the whole of this tract possesses one common charac- 
ter of infertility, and is widely covered with downs of furze and heath 
(De La Beche.) In tike manner the chalk, green sand, and plastic clay . 
of a large portion of Norfolk and Suffolk, and of parts of the counties of 
Essex, Cambridge, Huntingdon, Bedford, Hertford, and Middlesex, are 
covered with till, (stiff unstratified clay,) containing large stones, (boul- 
ders,) or with gravels, in which are mixed fragments of rocks of yarioas 
ages, which must have been brought from great distances, and perhaps 
from difierent-direetions (Lyell.) So over the great plain of the nevfr 
red sand-stone, in the centre and west of England^n Lancashire, 
Cheshire, Shropshire, Stafibrdshire, and Worcestershire-^drifted gra- 
vels of various kinds are widely spread. It may indeed be generally 
remarked, that. over the bottoms of all our great vallies, such drifted 
fragments are commonly diSlised— ?that upon our wider plains, they are 
here and there collected in great heaps— and that on the lower lands that 
border either shore of our island, extensive deposits of clay, sand, or gra- 
vel, not unfrequently cover to a great depth the subjacent rocks. 

The practical agriculturist will be • able to confirm this remark, in 
whatever district almost he naay live, by &cts which have come within 
his own knowledge and observation. I shall briefly explain, l>y way of 
illustration, the mode in which such^ accumulations of drifted matter 
overlie the eastern or lower half of the county of Durham. ' 

The eastern half of the county of Durham reposes, to the noith of the 
city of Durham, chiefly upon the coal measures, (sand-stoUes and shales;) 
to the south, chiefly on the magnesian lime-stone and the new-red sandr 
stone* These coal measures rise, here and there, into considerable eleva- 
tions, as at Gateshead Fell near Newcastle, and Brandon Hilt near Dur- 
ham, where the rocks lie immediately beneath the surface, and are cov- 
ered by comparatively little transported matter. The magnebian lime- 
stone, also, in many localities, starts up in the form of round hills or ridges, 
on which reposes only a poor thin soil, formed in great measure by the 
crumbling of the rock itself. Yet, generally speaking, this'entire dis- 
trict is overspread with a thick sheet of drifled matter, consisting of 
clays, sands, and gravels. 

This drift is made up of three sepatate layers, to be observed more or 
less distinctly in taking a general survey of the county, though there are 
few spoU where they can al^be seen rejxising immediately one over the 
other. ' • 

I®. The upper layer consists of olay8--«n the higher grounds, poor, 
stiff*, yellow— on the hill-sides and slopes of the valleys, often darker in 
colour— 'but almost everywhere full of rounded trap boulders* from a few 

* In some pafte of Noithamberiand these trap boulden are etill more Bumennu. In fbm 
eouDtry whfen etrelGhes between the north and south Tyne, the old grMs fields are full ol 
them. A friend of mine informs me that in ploogbing out a nine-acre field on bis estate la 
that district, there were dug out and carried off no less than 900 tons of such loUed a 
fTist and small 1 
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pouods to many tons in weight. These are fleneraUy dog op when they 
obstract the pjoagh, and are sold for raending the roads at about 5s. a 
loo. This clay varies in depth, from one or two, to tifty or sixty feet. 

2^. Beneath the clay occurs an accumulation of fine, generally yel- • 
low, more rarely red, sand, intermixed with occasional layers ami' 
round bills of gravel — with frequent black streaks of rounded coal dust, 
and here and there with nests of rounded lumps of coal, from half an 
inch to five or six inches in diameter. This coal is sometimes so abun- 
dant as to be collected and sold for burning. 

The gravels, where they overlie the coal measures, consist chiefly of 
rounded, and on the upper part occasionally of large angular masses 
of coal sand-stones^-with here and there a fragment of- trap, of 
mountain lime-stone, or of some of the older rocks to be met with in 
the mountainous districts towards the west. Over the magnesian lime- 
stbne, however, in the south-eastern division Of the county, towards the 
foot of the souihreastern slope of the magnesian lime-stone bills, the gra- 
vels which exhibit in some places (W^^nyard) an irregular stratification, 
contain many rounded masses of magnesian lime-stone, and even of 
new-red sand-stone — the evident debris of adjacent rocks long ago bro- 
ken up. 

3°. The undermost layer which rests immediately upon thesubjacer 
rocks consist^ of a stiff unstratified blue clay often full of trap boulders 
but containing also occasional large rounded masses of blue lime-stone 
—and smaller pebbles of quartz, of granite, and of the older slate rocks. 
In many localities this clay is wanting, and the sands or gravels rest im- 
mediately upon the carboniferous or magnesian lime-stone rocks— white 
in some tracts, both this and the upper clay appear to degenerate into a 
stony most unmanageable cldyey gravel. I am not aware that the 
large whin (trap) boulders are ever met with in the beds of sand. 

The following diagram exhibits the mode in which these drifted mate- 
rials present themselves in the neighbourhood of tbe city of Durbani. 
The cross (^) indicates very nearly the site of Durham on the banks of 
the river Wear* 




No. 1 represents the coal measures. 

2. The lower new-red sand-stone, here soft and pale yellow. 

3. The magnesian lime-stone rising into a high escarpment fiOm 3 to 
6 miles south of the city. 

4. Yellow loose sand — with rolled sand-stones and coal-drift— npcca- 
slonally stratified. It forms the numerous picturesque round hills in the 
neighbourhood of the city, and varies from a few feet to notices than 120 
feet in thickness., 

5 is the upper clay, with boulders. N indicates Framwellgate 
Moor, .where it Is only a few feet thick. At S, on the southern slope of 
the escarpment, it sometimes rests immediately on the rock as here re* 



39D 



THE SOlU Ottftlf CSAMM tkom 'UkSt ¥0 CJJLT. 



ptemm^^^ih wbiehMwItit dmddhtodeddli wb^tfacfrit 6lHHi1d4)« eot* 
•ider^d M the under or the upper day— though in other spMli both HJdld 
and claV, or grtTel liAd olfty, preeeat thetnseives* 

It will at once oecor to you from the iospeetioo of this diagrtitli, that 
the general character of the aoii in the county of Durhatii, wherever 
such a^umulations of drifted matter occur, is not to be judged from the 
nature of the rocks on which they are known to rest. 

Another fytct^ not anwortby at your attention, is the rapid altemationi 
of light and heavy soil, of sands or gravels and clays, wbith present 
themselves in the tame district, I may say in the eame farm, and often 
in the same field. This arises fhMn the irregular thickness of the de- 
posit of sand or gravel over which the upper clay rests. 1^ surfece 
of this sand is umlulating, as if it had fbrmed a country of round hills 
before the day was deposited upon it. This appears in the following 
diagram, which represents the way in which the several layers are seen 
to occur in the Crindon cut on the Hartlepool railway :— 




Here 1 is the megnesian lime*8tdne, not visible ; 2, the under day. 
with boulders ; 3, the tond rising in round hills, afid hei^ aiid there 
piercing to the itaifEice $ and 4^ the bpper boulder day. 

In the county of Durham it id It Very iisual exnuession tfaait the lope 
of the hills are light ttii^ip soii'^ut that they faU ojft^ i^V. Both the 
meaning and the cAuse Of this are explained by the ifbove diagram. 

Nor is this mode of Occurrence rare amolig the alternate sends and 
clays of which the superfidal accumulations ita various parti Of the 
country consist. Nearly the same circumstances give rise to the rapM 
changes so frequently observed in the character of the soil, as we pass 
from field to field, not in this county only, but in various other parts of 
our island. 

§ 7. How far these (uxufnuUuions oj' drift inUrfert viih the general 
deductions of Agneultural Omogy. 

Thus il eppean, that over the eastern half of the connrj^ 6f l>ur- 
ham, and over large portions of olheT coiintiee, the eollB are foUnd to 
rest upon and to derive their chariicter from aebumulatioos of drifted 
materials more or less difierent in Uieir nature fh>m the ro6ks that lie 
beneath. 

But in the preceding lecture I have etfdeavotired to ^ow you that 
soils are derived from the rocks on whidi they rest, end to impress upon 
you the dose gehertil relation whidi existis between the kind if rocks of 
which a countiy is Composed, and the kind of soils by whldi ttk surface 
is overspread. 

How are these epparetit contraditHiOns to be reeoneiled ! How is w$ 
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^cgre^ of Older <p be evolved opt of t)ui «|ipareDt conTuiipn ? 4f^ tbf 

Seoeral iDdicfttioDs ofagricultyralgeolc^ (Ce^ture xi., § 8, )8tillt ioaay 
agree, to be relied upon ? 

They are, aod for the foilowiag, aipong other reaaoos : 

1^. It is still generally true that where a considerable extent of coU[Br 
try resu upon any known ipck, tjie soil in that district derive^ i^ uaual 
character Icom tlie nature of that rock. Thus though large fwrtions of 
pheshhre axMl Lancashire are covered with drift, yet th^ spil qi t^ese 
cDuQtieSt taken i^a a whole, has tbe general characters of the toils of 
ibe new-red $and*stQnis, wUcb in Uiat part of England i^ so largely ^ 
Teloped. 

9°. Where the drift overspreads any large area, it is Ibudd to. beopme 
|radgall}[ mixed up with the fragments, Ij^ee and fm^U, of t)ie rocks 
upon which it repmss. Thus in the neighbourhood of Durham, the 
^imd hills of sand and gravel with intermingled coal cpiwist in greai 
-part Qf the ruins of the ^and^^tones of the country itself^while the 
clays, no doubt, are partly derived from the shale beds which occur in^ 
lerroingled with the sand-stoqes of the same ooal measures. Hence the 
foils of the northern half of this county, in general, still partake of the 
psual qualities of those of the ccal measuree nod mijil-stone gni (pp. 
9i9 and 250). In the western and higher part of the district they he 
more immediately on the rocks from which they bftV9 be^a denved, 
while pn the eastern half they resi oq a mixture of the accumulated 
rpios of the same roeks, which have b^p transpoit^d by natural agents 
tQ ft gfeaier or less distance from their naturi^ site. 

It if true that there are mixed up with these many pertiops of other 
lockf Vmugbt from a still greater distance, hint these bear but a small 
proportion to the entire mass, and hence have, generally speaking, but 
bul0 influence in altering the mineral character of the whole. 

3^« ^It may indeed be stated as generally true, that the greater propor- 
tion of the transptrted materials which lie tmpn any spot haa been 
bxoqght only a comparatively small distance. Thus the sands and gra- 
vely ip the coon^ of Durham— to the west of the roagnesiaa lime- 
Stone^-*«consi8t chiefly of the fi^agments of tbe coal measures^ East and 
•outhof t^e magnesian lime-stone escarpment (diagram, p. 271), they 
heoofne ipix^ed with rounded masses of this lime-stone. On the new- 
red eapd-etpne of the soutb-eaat of the county, they eostist chiefly of 
inagnesiap lime-stone nnxed with fragments of the red saad-sioBe-^ 
and on crossing the Tees, the debris of tbe lias hills begins to appear 
•moDg them* 

In countries, therefore, wheie drifted aaada and gravels prevail on the 
furfacf , tbey general ly eoosist of the fragments of rocks which lie at no 

freat distance^— geperally towards tlie higher grotmdo-^he natural ten- 
ehey being for the debris of one kind of rock, or of one formation, to 
ovMap to a grealer or less extent the sudaee of the adjoining rock or 
formation. By this overlapping, the geogrofhUal position of a given 
toil is rembvea to a greater or less distance beyond the line indicated by 
iii»geohgicaLyMixvm of the rocks from which it is derived. Thue, a 
«oal meaaure soil may oversfHvad part of the ihagneeian lirae^stone*^^ 
a red sand-eione aoU may partially cover thf Maa, and aa on«^<4)ia gaqerai 
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eharactera and distinctions of the soil pecoliar to each rock being still 
preserved. beyond the spaces npon which they have been accidentally 
intermingled. 

4°. To this, and to each of the other statements above made, there are 
many local exceptions. For instance, what is true of sands and gravels, 
will not so well apply to the fine mud of which many clays are formed. 
Once commit these to the water, and if it has any motion, they may be 
transported to very great distances from their original site. Rivers, 
lakes, and seas, are tiie agents by which these extensive difiusions are 
efiected. The^former produce what are called alluvial formations or de- 
posits ; which are generally rich in all the inorganic substances that 
i^ants require, and hence yield rich returns to the agricultural labourer. 
They are usually, however, distinguished, and their boundaries marked, 
by the geologist— so that the soils which repose upon them do not con- 
tradict any of the general deductions he is prepared to draw, in regard to 
the general agricultural capabilities of a country; from the kind (Crocks 
of which it consists. 

Thus though the occurrence of extensive fields of drift over various 
• parts of almost every country, does throw some further difficulty over 
the researches of the agricultural geologist, and requires from lum the 
application of greater skill and caution before he pronounce with cer- 
tainty in regard to the agricultural capabilties of any spot before he visit 
it— yet it neither contradicts the general deductions of the geologist nor 
the special conclusions he would be entitled to draw in regard to the 
ability of any country, when rightly cultivated, to maintain in comfort 
a more or less numerous population. The political economist may still, 
by a survey of the geological map of a country, pronounce with some 
confidence to what degree the agricultural riches of diat country might 
by iudustiy and skill be brought-^and which districts of an entire conti- 
nent jare fitted by nature to maintain the most abundant population. 
The Intending emigrant mB.y still, by the same meafls,say in what new 
land he is most likely to find a propitious soil on which to expiend his 
labour^-or such mineral resources as will best aid his agrioulturial pur- 
suits ;-—while a careful study of the geological map of his own.cotmfry 
will still enable the skilful and adventurous farmer to determine in what 
counties he will meet with soils that are suited to that kind of practice 
with which he is most familiar— or which are likely best to reward 
him for the application of the newest and most approved methods of 
culture. 

Still there are some aids to this kind of knowledge yet wanting. Wa 
have eeoloeical maps of all our counties, in which the boundaries of the 
several rocky formations are more or less accurately pointed out, and 
from these maps, as we have seen, much valuable agricultural informa* 
tion may be fairly deduced. We have also agricultural mapsT»f many 
counties, compiled with le^ care, and often with the aid of little geolo- 
gical knowledge, as that of Durham in Bailey*s * View df the Agricul- 
ture of the County of Durham,' published m 1810. But agricidtare 
now requires geological maps of her own— which shall exhibit not only 
the limits of rocky formations, but also the nature and relative extent 
of the superficial deposits (drifis), on which the soils sa often raat, and 
firom which they are not unfirequenily formed. These would iifiK»rd a 
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sure basis on which to rest our ophiions in regard to the asricultoral ca* 
pabiliiies of the several parts of a county in which, though the rocks are 
the same, the soils may be very different. To the study of these drifted 
materials, in connection with the action of ancient glaciers (p. 269), the 
attention of geologists is at present much directed, and from their labours 
agriculture will not fail to reap her share of practical benefit--the geolo- 
gical survey, also, so ably superintended by Mr. De La Beche, is col- 
lecting and recording much valuable information in regard to the agri- 
cultural geology of the southern countie^-*but it is not unworthy the-coo- 
rideration of our leading agricultural societies— whether some portion of 
their encouragement mi^ht not be beneficially directed to the preparation 
of agriculiural maps, which should represent, by different colours, the agri* 
cultural capabilities of the several parts of each county, based upon a 
knowledge of the soils and sub-soils of each parish or township, and of 
the rocks, whether near or remote, from whicn they have been severally 
derived. 

Before leaving this subject, I will call your attention to one practi* 
cal application of this knowledge of the extensive prevalence of drifts, 
which is not without its value. Being acquainted with the nature of the 
rocks in a country, and with its physical geography—that is, which of 
these rocks form the hills, and which the valleys or plains-^we can pre- 
dict, in general, that the materials of the hills will be strewed to a greater 
or less distance over the lower grounds, and that these lower soils will 
thus be more or less altered in meir mineral ch^acter. And when the 
debris of the hills, is of a more fertile character than that of the rocks 
which form the plains, that the; soils will be materially improved by this 
covering :— the soil of the mill-stone grit, for example, by the debris of* 
the mountain linie-stone, or of a decayed green-stone or a basialt. On 
the other hand, where the higher rocks are more unfruitful, and the low 
lands are covered with sterile drifted sands brought down from the more 
elevated grounds— a knowledge of the nature of the subjaceut rock may 
ttt once suggest the means of ameliorating and improving the unpromis- 
ing surface-drift. . Thus the loose sand of Norfolk is fertilized by the 
subjacent chalk marl; and even sterile heaths (Hounslow), on which 
nothing grew before, ha:ve, by this means, been made to produce luxu- 
riant crops of every kind of grain. 

^ 8. Of superficial actnmulatums of PeaU 
Of superficial accumulations, that of peat is one which, in the United 
Kingdom, covers a very large area. In Ireland alone* the extent of bog 
is estimated at 2,800,000 acres. None of the drifted materials we have con- 
sidered* therefore, would appear so likely to falsify the predictions of the 
geologist, who should judge of the soib of such a country firom informa- 
tion in regard to the rocks alone on which they rest— fix>m a geological 
map for example— as the occurrence of these peat bogs. Yet there are 
certain facts connected with the formation of peat, which place him in 
•ome measure on his guard in reference even to accumulations of vege- 
table matter^such as these. 

1^. There is a certain range of temperature within which alone peat 
seems capable of being produced. Tnus, at the level of the sea, it is 
never fbund nearer the equator than l>etween the 40® and 45® of latitude; 



wUIe lli filiiit UmmdB tke poles appears to be wkbin Hhe 60tk degree. 
It is a peoduct, tberefiice, ehiefly of tke temperate regiooa. 

Sdll, oo the equator itself, at a sufficieat altitade above the sea, the 
temperatuie may be cool enough to permit the growth of peat. Heoce, 
though on the plains of Italy no peat is formed, yet, on tne higher Apn 
peaiciest it mav be here and there met with, ammig the marshy basinsr 
and on the nocDndned moantain sides. 

9^. The Qooorrenoe of ata^ant water is necessary for the procbictioo 
ef peal. Hence, on impervious beds of day, through which the rains 
and spriii^ can find no outlet, the formation of peat may be expected. 
Thus on the Oafofd clav repose the fens of Lincoln, Cambridge and 
H^BtiagdoQ (p. 245). On impervious rocks also, peat bogs form for a 
■imilar reason, The new-red sand-stone is occasioDally thus irapervi- 
QQS, and on it* among other examines, repose the Chat moss, the tract of 
peat, moady in cnltivadon, which lies west i^ a line drawn between 
Liverpool and Preston, and the large extent of boggy comitry which 
stretches round the head of the Solway Firth. On the old red sand-' 
fteue, the mountain lime-stGoie, the slate, and the granite locks, much 
peat oecuia* ami it is on these latter foirmationsthat the extensive bogs of 
Scotland and Ireland chiefly rest. 

But though these two facts are of some value to the politician and to 
the geologist in indicating in what countries and on what formations peat 
may be expected to occur, yet they are of comparatively little impor-^ 
tance to the practical agriculturist. It is of far more consequence to 
him that the moment he casts his eye upon the fece of a oount^ he can 
detect the prfsenee or absence of peat-p-that none of the perplexitaes 
which beset the nature and origin of other superficial aecumulapons at- 
tach to this-rHthat he can, at once, judge both of its source and of itsagri-» 
eulturai capabilities. Though produced on a given spot, because rocks 
9f a certaii» character exist there, yet its origin is always the same-^iu 
qualities more ot less uniform,-^tbe improvement of which is susceptible 
in aom^ meaiuire ahke,->-4nd the steps by which that improvement is to 
be effibcjtedi liable to vaxiation, chi^y according as this or that araeUe- 
liaiiag sttbstance ^san b^ mos( readily obtained. 
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LECTURE Xm. 

fiwBt ehMkieal «eMtituiioa df toOa-tiieir eiCMrietontitMBtt-^AMl^afii of Mll»-jQiii|^ 
liUoaof certain characteristic aoOA— Phyaical cbBMleis of mQb. 

In tSie two pretedifijif lectures we have considered the general coostl- 
totioi] find origin of soils, and their relation to the geological structure 6t 
the country in which they are found, and to the chemical composition of 
the rocks <m which they rest. We hiEive also discussed some of the 
causes of those remarkable difierences which soils are known to present 
In their relations to practical agrictilture. But a more intimate and pre* 
eise acquaintance with the chemical constitution of soils is sot unfre- 
quently necessary to a complete understanding of the causes of these dif- 
ferences^of the exact efiect which its chemical constitution has upon the 
fertility of a soil — and of the remedy which in any given circumstances 
ought to be applied. 

Some persons have been led to expect too much from the ^emicat 
analysis of a soil, as if this alone were necessary at once to explain aU its 
qualides7and to indicate a ready method of imparting to it every desir- 
able qualitv,— 'While others have as far depreciated their worth, and have 
pioaounced them in all cases to be more curious than useful. — [Boussin- 
gault, * Annal. de Chim. et de Ph^s.* Ixvii., p. 9.1 The truth here, as 
en most other subjects, lies in the middle between these extreme opinions. 

if you faaVe followed me in the views I have endeavoured to press upon 
you in regard to the necessity of inoi-ganic food to plants— which food 
can only be derivBd froni the soil, and which must vary in kind and 
Quantity with the species of crop to b^ raised,— -you will at once perceive 
mat the rigor&tts analysis of a soil may impart most valuable knowledge 
(0 the practical man in the form of useful suggestions for its improvement* 
Jit may indeed show that to apply the only available substances to the 
•oil which are capable of remedying its defects, would involve an expense 
for which, in existing circumstances, the land could never give an equiv«* 
lent return. Yet even in this latter case the results of analysis will not be 
iR^thout th^ value to the prudent man, since they will deter him from 
iddtag to his soil what he knows it already to contain, and will set hiin 
upon the search after some more economical source of those ingredient 
which are likely to benefit it most. 

It will be proper, therefore, to turn our attention briefly to the conside- 
MLtion of th^ exact chemical constitution of soils. 

§ 1. Cf^iBiMei nature of the organic constituents of soils, and of the 
mode of separating them. 
We have already seen in Lecture XL, p. 229t that all soiIb contain a 
greater or less admixture of organic— chiefly vegetable— matter, the 
total amount of which may be very nearly determined by burning the 
dried soil at a red heat till all blackness disai^ars (p. 233). Butalhia 
vegetable matter consists of several diflbrent chemical compounds* the. 
QiiCare and relative weights of which k is occasionally of consequence to' 
be able to determine* 
94 
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l^. HumuB. — The general name of hum as is given to the fine, brown 
light powder which imparts their richness to vegetable moulds and gar- 
den soils. It is formed from the gradual decomposition of vegetable . 
matter^ exists in all soils, forms ibe substance of peat, and consists of a 
mixture of several different compounds which are naturally produced 
during the decay , of the difierent parts of plants. It is distinguished into 
mild^ sour^ and coaly hum us* 

The mild gives a brown colour to water, but does not render it sour, 
gives a dark brown solution when boiled with carbonate of soda, evolves 
ammonia when heated with caustic notash or soda or with slaked linit« 
and leaves an ash when burned which contains lime and magnesia. 
The iouT gives, with water, a brown solution of a more or less sour 
taste, [or reddens vegetable blues — see page 45.] This variety is 
less favourable to vegetation than the former, and indicates a want of 
lime in the soil. The co(dy humus gives little colour to water or to a 
hot solution of carbonate of soda, leaves an ash which contains little 
lime, occurs generally on the surface of very sand^ soils, and is very un- 
fruitful. It is greatly ameliorated by the addition of l^e or wood 
ashes. 

2°. . Humie ocuf.— When a fertile soil or a piece of dry peat is boiled 
with a solution of the common carbonate of soda of the shops, a brown 
solution, more or less dark, is obtained, from which, When diluted muri- 
atic acid (spirits of salt) is added till the liquid has a distinctly sour 
taste, brown flocks beffin to fall This brown flocky matter is humie add* 

3°. Ulmic acid* — If, instead of a solution of carbonate,of soda, ona 
of caustic ammonia, (the hartshorn of the shc^s,) be digested upon the soil 
or peat by a gentle heat, a more or less dark brown solution is obtained, 
which, on the addition of muriatic acid, gives brown flocks as before* 
but which now consists of t<Zmtead</. 

These two acids combine with lime, magnesia, alumina, and oxide of 
iron, forming compounds (salts) which are respectively distinguished by 
the names of humates and ulmaits. They probably both exist, ready 
formed, in the soil in variable proportions, and in combination with one 
or more of the earthy substances above mentioned— lime, alumina, &c. 
They are produced by the decay of vegetable matter in the s(m1, wbieb 
decay is materially facilitated by the presence of one or other of these 
substances, and by lime especially— on the principle that the formatiiMi 
of acid compounds is in all such cases much promoted by the preseooa 
of a substance with which that -acid may combine. Tliey jprtdi^Mm 
organic substances to the formation of such acids, and consequently fo 
the decomposition by which they are to be produced. These two acide 
consist respectively of ' 

Humie aeld ' UlmieaeML 

Carbon 63 67 

Hydrogen 6 ^l 

Oxygen 31 38} 

100 100 

Some writers upon agrieulture have supposed that these acids con* 
tribute very matenally to the support c^ growing plants. But Liebig 
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had very properly objected to tbk opiDiob,* that they are so very spariiigly 
eoluble in water that we caoaot suppose them to enter directty into the 
roots^— even were all the water they absorb to be satarated with them— 
in such quantity as to contribute in a great degree to the organic matter 
contained in almost any crop. f 

We have indeed seen reason to conclude on other grounds, that only a 
email, though a variable, proportioo of the carbon of plants is derived 
from the soil, yet of this proportjioo a certain quantity may enter by the 
roots in the form of one or other of these acids, or of their earthy com* 
pounds. They are readily soluble in ammonia ; and animal maourei 
which give on this compound in the soil may therefore facilitate their 
entrance into the roots of those plants which are cultivated by the aid of 
•uch numures. They are also soluble in carbonate of potash and car^ 
bonate of sdda, which are contained in wood ashes and in the ash of 
weeds and of soils which are pared and burned. When these substan<- 
ees, therefore, are applied to the land, they may combine with, and* 
among their other beneficial modes of action, may serve to introduce, 
these acids in largerquantity into the plant. 

When expose^ to the air, the humatesand nlmates contained in the 
soil undergo decomposition, give off carbonic acid, and are changed into 
carbonates. The adniissioo of air into the seal facilitates this decompo- 
sition, which is supposed to be continually going forward— and it is in the 
form of this gas that plants are considered by some to imbibe the largest 
portion of that carbon for which they are iudebted to the soil. 

4°. Cremc and Aprocrenicacids.^^'W hen soils are digested or washed 
with hot water, a quantity of organic matter is not unfrequently dissolved, 
which imparts to the water a bmwnish yeU6w colour* When the solu<- 
tion is evaporated to dryness, there remains besides the soluble saline 
substances of the sdl, a variable portion of brown extractive looking 
matter also, which is a mixture of the two acids here named, with the 
iilmtc and humic-— all in combination with lime, alumina, and oitber bases. 
When this residue is dried at 230^ F., the two latter acids, and their 
compounds, become insoluble, while the crenates and apocrenaUs, more 
especially the former^ reniain soluble in water, and may be separated 
by washing with this liquid. 

. These acids also are formed in the soil during the decay of vegetable 
matter. ^ They are distinguished from the two previously descrwed by 
^pntainiog nitrogen as an essential constituent, and by forming compounds 
with Ume« dec,, which are, for the most part, reaoMy soluble in waten 
Heiice they will both prove itM)re nourishing to plants— in virtue of the 
nitn^n they contain— and in consequence of their solubility, will be able, 
where they exist, to enter Inore readily, and in greater abundance, into 
the roots than either th^ ulmic or the humic acid. 

Owing to this solubility, also, they are more readily washed out of the 
eoU by the rains, and hence are rarely present in any considerable quan- 

' Organic ChenuttryappUetiloA^^rieuUiinfAtateditiont pp. II nod IZ 
, t Ulmie acid reqaires 2500 time* its weiglit of wiater to diaaolve it— ulmate of lime 2000 
times, end ulmate of slamlna 420O times— but all are sUU less aolable after they hare been* 
. perfeeUy dried, or exposed to the acUoo of a liard wioter's frosL The ulmates of potash, 
s64]«, and alumina, are all dissolved in water witti considerable ease. 
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lily ia spectmefM of mU whidi an tobniittod to aimlyiis. TlMy an fi«- 
quentlv, however, met with in springs and io the dndnings of the land* 
They hare even been found in minute quantity in rain-water,* it is pip* 
btable thai they aseend into the air in very small piroportioo with |h« 
watery vapour that rises. This exhibits another form, therefore, in 
which the rains may minister to the growth of plants (see page 36) . 

Both acids form insoluble compounds with the peroxideof iron— ^nd 
beoce are found in combination with maory of the oehrey deposits from 
ferruginous sprines, and with the odde of iron by which so many soils 
are coloured. The apoerenie acid has also a peculiar tendency to cota* 
bine with alumina, with which it forms a compound insoluble in water, 
and in this state of combination it pfobably exists not nnfrequently, espe* 
cially in clayey soils. 

w hen heated with newly slaked quick-lime these acids ^ve off am* 
monia and carbonic acid. By the action of the air, and of lime in the 
soil, they are probably decompoidd in a similar manner, though with' 
much less rapidity. 

5^. Mudesous add is another dark brown acid substance, -w^oh is also 
produced naturally in the soil. It resembles the apoerenie, in having 
a strong tendency to Qombine with alumina. In union with (his acid it 
is slowly washed out of the soil by the rains, or filters through k when 
the water can find an outlet beneath. This is seen ta be the case in some 
of the eaves on the Cornish coast, where the waters that trickle through 
from above have gradually deposited on their roof and sides a thick in- 
crustation of mwksite of alumna. f 

Resides these acidcl, it u known that the malic and the acetic (vine- 
gar) are occastooally produced in the soil ^luring the.slow^ecay ofvege* 
table matter of different kinds* It is probable that many other eoialo- 
fous coinpounds are likewise formed-*which are more or less soluble in 
water, and more or less fitted to aid in the nourishment c^plants. There 
is every reason to believe, indeed, that organic substances in the soil pass 
througn fnany successive stages of decompositionj at each of which they 
assume new properties, and become more or less capable of aiding in 
the support of living races. The subject is difiiciilt to investigate, be- 
cause of the obstacles which lie in the way of exactly separating from 
each other the small quaatides of the different organic compounds that 
occur mixed up together in the sail. But it seems quite clear, that while 
some agricultural chemists have erred in describing the ulmic and hu- 
roic acids as the immediaU souroe of a large portion of the carbon of 
plants, othras have no less imsstated-^as I anprehend*- the true ccMirse 
of nature, who deny any direct influence to tnese and other sobatances 
ci vegetable origin, and limit their use in the soil to ihb aupply of car- 
bonic acid only, which, on their ultimate decomposition, they are capa* 
ble of yielding to the roots. The resources of vegetable life are not so 
limited; but as the human stomach can, and does, on occasion, convert 
into nourishment many different compounds of the same elements,--eo, 
ho doubt, many of (hose organic compounds which are produced in the 
•oil, or in fermenting manure during the decay of animu and vegetable 

* Ffintan za 8aIin>Hontiiitr. Paggtnd. Ankdt, Ut., p. 264. 
t Known to mUienlogiiti tmdertbe name of Pj^ofife. 
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bodiM,^-wben oaee admitted, in conseqiueDce of their sbIiibiliQr«iae9 the 
circulating system of plants,— are eoatentd into portions of tkwir sub* 
stance, and lealW do tniirister to their natural growth. 

Stparation of tiiue Organic Constitumts*^^l^» When M Iraihing^ 
with hot water a soil imparts a colour to the sc^ution, die liquid must be 
filtered and evaporated, to perfect dryneiM* On treating wilii water 
what remains Sifter the evaporation, the humic acid dud humatcs i«raain 
insoluble, while the erenic and apocrenic a^idt are taken up by the war 
ter along with the s(^uble saline niatter which the soil may ha;ve con- 
tained. By evaporating this seeond solu^n to peifect dryness, weigh- 
ing die rendue, and then heating it to duU redness in the air, the loiS 
will indicate something more than the quantity of these aekls present m 
the soil. By burning the dried msoluble matter, also, the quantity of 
humic acid present in it ma^ in hhe manner be determined. 

2^. Ailer being washed with pure' water, the soil is to be boiled with 
a solution of carbonate of soda, repeated once or twice as kmgas a brown, 
solution, more or less dark, is obtained. Being filtered, and then ren- 
deVed sour by muriatic acid, brown flocks fall, w'hich being colleeted on 
the filter, perfectly dried and weiglMid, give the quantity of humie add 
in ^le soil. As this dry humic acid generally ecmtains some eartiby 
matter, it is more correct to burn it« and to daduet the weight of the asn 
which may be left. 

3°. The insoluble (coaly) humus still remainis itt the soiU On boHrnj; 
it how in a solution of caustic potash for a lesgdi of time^ and till » fresh 
solution ceases to becomib brown,, the coaly humus is entirelydissolved-— 
being converted according to Sprengel into humic acid. The addkkm 
of muriatic acid to this s^uiion, till it has a sour taste, throws down the 
humic acid in the form of brown flecks, which may be eolleeted^ driedy 
and weighed as before. 

4^. If there lie any mndesite of alumina in the soil, it is idso dis- 
solve by the potash, but is not thrown down when the solution' is reU'^ 
dered sour by muriatic acid* The endre weight of organic matter in tbe 
soil -being therefore determined by burning it in. the air* after being 
perfectly dried, the difierence between this weight and the sum of those 
of the humic acid and insoluble humus will be the proportieD of the 
other acids present. Thus, if, by burning in the ais, the soil loss 6 per 
cent., and give 2 per eeuX. of humic acid, and 3 of insoluble humus^ there 
remain 2 per cent, for other organic substances in the soiU 

In geoeral, it is considered sufficient to ascertain only the whole kss 
by borningr and the quantity taken up by carbonate &[ soda^ the propor- 
tion of the other substances present being in most cases so small as tobo> 
capable of being precisely estimated by great precautions only. 

^Z.0nAe exatt diemuxd amtiitJu^um of the earthy fOrt of the soU'. 

In reference to the geaetal origin of sQil»— to their geological rela- 
tions'—and to die simplest mode of classifying them,<— Ihave Miown yoa> 
that the earthy part of nearly all soils consists essentially of sand, cfay, 
and Ume (p. 230). But in reference to their chemical relations to the 
plants which grow, or may be made to grow, upon them, it is necessary, 
^s you are now aware, to take a more refined and exact view of their 
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contdtafion. This will appear by referring to three important princi- 
ples established in the preceding lectures. 

1^. That the ash of plants generally contains a certain sensible pro- 
portion of ten or twelve different inorganic substances (pp. 216 to 221). 

2^. That they can, in general, only derive these substances from die 
■oil, which must, therefore, contain them (p. 161). And— 

3^. That the fertility of a soil depends, among other circumstances, 
upon its ability to supply readily and in sufficient abundance all the in- 
oreanic substances which a given crop requires (p. 228.) 

Now the quantity of some of these substances which is necessary to 
plants is so very small, that nothing but a refined analysis of a soil is 
capable, in many cases, of determining whether they are present in it or 
not— much less of explaining to what its peculiar defects or excellencies 
may be owing— what ou^ht to be added to it in order to render it more 
productive— or why certain remarkable effects are produced upon it by 
the addition of mineral or animal manures. 

Thus, for example, half a grain of gypsum in a pound of soil indicates 
the presence of nearly two cwt. in an acre, where the soil is a foot deep,— 
a quantity much greater than need be added to a soil in which gypsum 
b almost entirely wantine, in order to produce a remarkable luxuriance 
in the red clover crop. In 100 grains of the soil, this quantity of gyp- 
sum amounts only to seven-thousandths of a erain— (j-,^, or 0*007 
grs.)— a proportion which only a very carefully conducted analysis 
would be able to detect, and yet the detecting of which may alone be able 
to explain the unlike effects which are seen to follow the application of 
gypsum to different soils. 

Again, the phosphoric acid is a no less necessary constituent of the 
soil than the sulphuric acid contained in gypsum. This acid is gener- 
ally in combination either with lime, with oxide of iron, or with alu- 
minas—and, as it is much more difficult even to detect than the sulphuric 
acid, requires more care and skill to determine its quantity with any 
degree of accuracy,— and is fi;efnerally present even in fertile soils in a 
still smaller proportion— it is obvious that safe and useful conclusions can 
be drawn only from such analyses as have been made rigorously, accord- 
iuffto the best methods, and with the greatest attention to accuracy. 

There are cases, no doubt, where a roueh analysis may be of use,^ 
where the cause of peculiarity is at once so obvious that further research 
is unnecessary— as where mere washing with water dissolves out a 
noxious substance, such as sulphate of iron (green vitriol). But such 
cases are comparatively rare, and it more fVe(|uently happens, that the 
cause of the special qualities of a soil only begins to manifest itself when 
a carefully conducted analysis approaches to its close. I shall, therefore, 
briefly describe to you the methods to be adopted, in order to arrive ac 
these more accurate experimental results. [As these methods of analysis 
involve considerable detail, I have transferred them to the Appendix.— 
See Appendix^ p. 25.] 
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§3. Of the exact d^mieal constitution of certain s&Us^ and of the restdtt 
to he deduced from them. 

But the importance of this attention to rigorous analysis will more 
clearly appear, if I exhibit to you the constitution of a- few of the nume- 
rous soils analyzed by Spreneel, in connection with the agricultural quali- 
ties and capabilities by which they are severally distinguished. 

The following analyses are selected from a much ^ater number made 
by Sprengel, and embodied in his work on soils, "l)ie Bodenkunde/' 

1.— FERTILE SOILS. 

Soils are fertile which contain a sufficient supply of all the mineral 
constituents which the plants to be grown upon diem are likely to re- 
quire. 

1®. P(Ulwre.^The following numbers exhibit' the constitution of the 
surface soil in three fertile alluvial districts of Hanover, where the land 
has been long in pasture. 

Soil near From the banka of the Weser, 
Osteriuruch. near Hoya. near Weaerbe, 

Silica, Quartz, Sand, and Silicates. 84*510 71*849 83*318 

Alumina 6-435 9-i350 3*085 • 

Oxides of iron 2*395 5*410 6*840 

.Oxide of Manganese . ... 0*450 0*925 0*620 

Lime : . . 0*740 0*987 0*720 

Magnesia 0*525 0*245 0*120 

Potash and Soda extracted by water 0009 6*007 0*005 

Phosphoric Acid ... . . 0*120 0*131 0*065 

Sulphuric Acid 0*046 0*174 0025 

Chbrine in conmion Salt . . 0*006 0*002. 0*006 

Humic Acid 0*780 1*270 0*800 

Insoluble Humus .... 2*995 7*550 4*126 

Organic matters containing Nitrogen 0*960' 2*000 1*220 

Water ...... . . 0*029 0*100 0*050 



100 100 100 

These soils had all been long in pasture, the second is especially cele- 
brated for fattening cattle when under grass. It will be observed that in 
none of them is any of the mineral ingredients wholly wanting, though 
in all the quantity of potash and soda capable of being extracted by 
water is very small. This is ascribed to the fact of their having been 
long in pasture, during which the supply of these substances is gradually 
withdrawn by the roots of the grasses. It is well known how, in our or- 
dinary soils, grass is often renovated—- how the mosses, especially, are de- 
stroyed— by a dressing of wood ashes, which owe their enect to the alkali 
they contain. In the above soils the gradual decomposition of the sili- 
cates would continue to supply a certain portion of alkaline matter for an 
indefinite period of time. 

You will perceive that the soil which is the most celebrated for itafal" 
tcning power, is also the richest in alumina, lime, phosphoric acid, sul- 
phuric acid, and vegetable matter. 
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adU, celebrated for yielding successLve eiope gf com finr a long peiiod 
without manure. 

1. 2. 3. 





Ohio. NoxUi America. 
Bolt BulMoa. 


F)NMttth«pol<l% 


DMrOtaDots, 
teMonvta. 


of ▲l^Afenbellr 
inBelfiamT 


Silica and fine Sand . 77-209 


87-143 


94-261 


64-517 


Alumioa . ... 8-514 


5-666 


1-376 


4-810 


Oxides of Iron . . . 6-592 


2*220 


2*336 


8-316 


Qjude of Magnena . . 1*520 


0*360 


1*200 


0*800 


Lime 0-927 


0-564 


0-243 


^r^ 9-403 


Magnesia / . . . . 1-160 


0-312 


0*310 


Ma^ 10-361 


Potash chiefly combined 








with Silica .... 0-140 


0-120 1 
0025 S 


0*240 


' 0-100 

; 0-013 


Soda, ditto .... 0-640 


Phosnhoric Acid combined 
with Lime and Oxide of 






' 


Iron 0-651 


0-060 


trace 


1-221 


Sulphuric Acid in gypsnm 0*011 


0*027 


0-034 


0*009 


Chlorine in common salt. 0*010 


0-036 


trace 


0-003 


Carbonic Acid united to the 








Lime — 


0.080 


-. 


mmm 


Humic Acid .... 0-978 


1.304 


«--> 


0-447 


Insoluble Humus . . . 0-540 


1.072 


.. 


mmm 


Organic substances con- 








taining Nitrogen . 1-108 


1-011 


— - 


— 



100 



100 



100 



100 



Of these soils, the first had bean Qvoippud lot 160 yean s»ecesslvely» 

without either manure or naked fellow. The second was a Tiigin soil, 
celebrated for its fertility. The third had been unmantued for twelve 
years, during the last nine of which it had been cropped with beans 
—barley — ^potatoes— winter barley and red clover— dover^-winter bar- 
ley— wheat— oats— naked fallow. 

Though the above soils dif&r considerably,, as you see, in the propor- 
tions of some of the constituents, yet they all agree in this — ^that they are 
xiot destitute of any one of the mineral compounds, which plants neeesaa* 
nly require in sensible quantity. You wUl also observe how compera- 
tively small a proportion of vegetable matter, less than half a per cent., 
is contained in the fertile Belgian soil— a fact to which I shall by-and- 
by recall your attention. 

3^. SoiU which have a natural §omree qffertiliti^'^Some soils, wlueh 
by their constttution are not fitted to exhibit any great degree' of fertility, 
or for a very long period, are yet, by springs or otherwise, so constaiitly 
supplied with sokible saline, and other substances, as to enable thesa to 
yield a succession of cropa> without manure, and without apparent dete- 
rioration. Such is the case with the following soil from qear Jftotheft!- 
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fetde, in Osoabruck, which gives excellent cnype, thoagfa manured only 
oace in 10 or 13 years. 

Silica and coarse Quarts Sand «... 86*200 

Alumina .... 2*000 

Oxides of Iron and a liule Phosphoric Acid . 2*900 

Oxide of Manganese 0*100 

Carbonate and a little Phosphate of Lime , 4*160 

Carbonate of Magnesia 0*520 

Potash and Soda 0*035 

Phosphoric Acid ,' . 0*020 

Sulphuric Acid 0-021 

Chlorine 0*oio 

Humic Acid . ' 0*544 

Insoluble Humus ......... 3*370 

Organic matter containing Nitrogen . . . 0*120 



100 

You will see that, although in this soil all the inqrganic substances are 
really present^ yet the potash and soda, the phosphoric and sulphuric 
acids, and the chlorine, are not in such abundance as to justify us in ex- 
pecting it to grow any long succession of crops, without exhibiting the 
usual evidences of exhaustion. B ut it lies on the side of a lull which con- 
Cains layers of lime-stone and marl, through which the surface waters 
find their way. These waters afterwards rise into the soil of the field, 
impregnated with those various substances of which the soil is in want, 
and thus, by a natural manuring, keep up a constant supply for each suc- 
ceeding crop. 

This example is deserving of your pardcular attention, iqasmuch as 
there are many soils, in climates such as ours, which are yearly refresh- 
ed from a similar source. Few spring waters rise to the surface which 
are not fitted to impart to the soil some valuable ingredient, and which, if 
employed for the purposes of irrigation, would not materially benefit 
those lands especially on which our pasture grasses grow. The same 
may alsn be said of the waters which are carried off in some places so 
copiously by drains* Whether these waters rise from beneath in springs, 
or, falling in rain, afterwards sink through the soil, they in either case 
carry into the brooks and rivers much soluble matter, which the plants 
would gladly extract from them. On slo[nng erounds it would be a 
praiseworthy economy to arrest these waters, and, before they escape, 
to employ them in irrigation. 

The ract that nature thus on many spots brings up from beneath, or 
down from the higher grounds, continual accessions of new soluble mat- 
ter to the soil, will serve to explain many apparent anomalies, and to ac- 
count forliie continued presence of certain substances in small quantity, 
atdiough year by year portions of them are carried ofi* the land in the 
crops that are reaped, while no return is made in the shape of artificial 
manure. It ivili also in some instances account for the fact that, after a 
hard cropping^ pn^onged until the soil has become exhausted, a few 
years* rest will completely re-invigorate it, and render it fit to yield 
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new ramnM 9f abqQdnQt o^rn. Oihec causes, an wq «haB iiaanlkr ae^t 
generally operate Id bringing about this kind of natural recorrery, but 
there can be no qnestion that in qireumstaoces such as I have now 
adrerted to^ this reoorery may be efi^ted in a much shorter period 
of time. 

4°. Immoartance of depth and unifcmdty of MnX— If the soifaoe soil be 
of a fertile quality, ample returq»will be sure from many cultivated 
crops. But where the subsoil is similar in composition to that of the 
suHace— 'not only may the fertility of the land be considered as almost 
inezhaustiUe, but those crops also which send their roots far down wiU 
be able permanently to flourish in it. This fact is illustrated by the 
composition of the fi>Uowing soils from the neighbourhood of Bruns- 
wick :— 



SoiK 

Silica and fine Quartz Sand . 94*724 

Alumina , 1*638 

Oxides of Iron . • • • ^ i*96B 

Oxidea i^ Manganestt • • y ' 

Lime 1*028 

Magnesia ••...•• trace 

Potash and Soda . . . . . 0*677 

Phosphoric Acid 0-024 

Sulphuric Acid 0-010 

Chtorine 0*027 

H^micActd. 0*302 

Insoluble Humus .... 0*210 



BubMil, 

97*340 

0*806 

5 1*12© 

[0-075 

0*2^ 

0095 

0112 

0*0V4 

trace 

trace 

0*^135 



90*03^ 
1-976 
5*815 
0^240 
0022 

o*n& 

0300. 
0*099 
1*399 
trace 



100 



lao 



100 



The first of these soils, produced excellent crops, of all deep-raoted 
plants— lucerne, sainfoin (e4>ar8ette)y bemp^ carrots^ poppieai ^.^^^-^id 
. with the aid of g^^psum, red clover, and leguminous pUnts (vetebMy. 
peas, and beans), in great luxuriance. The formof of these facta ia exi* 
plained by the g^eat similarity in constitution which exista between tJbft 
surface and the under soils. To deep-rooted plamaalso the oragneaiat 
in which the surface is deficient, is capable of beinr siifiplied by the under 
soil. The efieet of the gypsum isr accounted, for by tk» almost total abr 
sence of sulphuric acid in tne subsoil, but whkhthe applieatton of ^yp* 
sum has introduced into the upper soil* 

The second soil was taken from a field in which sainl^sn died r^go* 
larlv in the second or third year after it was planted. Thie was mSOmHy 
attributed to something in the subsoil. And, by the afmlysas i^bove 
given, it was found to contain much sulphuric acid m eDm]MniilieQ.with 
oxide of iron^ fbrming sulphate of iron (green vitriol)* This, sail fasing 
noxious to plants, began to act upon the crop of saioifiwi aa soqbi » the 
roots had gone so deep as to draw sufficient suppUee fkvnk the aubaoiU 
and it thua gradually poisoned them, so that they died, ootr ia twe ei thne 
years. 
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iif*-^BAVHvir OR vvTworrrxjL s<(i£s. 
Soils are anfruhful or altogether barren, cither when they contain too 
little of one or more of (he inorganic constituents of plants, or when some 
substance is present in them in such (Quantity as to become hurtful or 
poisonous to vegetation. The presence of sulphate of iron in the subsml 
jtist described is an illustration of the latter fact. In what way the defi" 
ciency of certain substances really does atlect the agricultural eapabilities 
of the soil will appear from the following analyses :— 

1. 2. 3. 4. 

Hfoor land soil, Another Sandy doilon^tho 

near Aarich, and flrom sell from Muschel* 

Eaal Frieslaiid. tl^ieaame Weuiogeo Mk, 

neighbour* inLiiae* nearMitht- 
Soil. Sobsoil. hood. burg^ hauseQ. 

SHieaandauaktfcSaiid . . I(k&7&-9dl90 61576 96-000 77780 

Alumina ....... 1-050-. 2 SfiO 450 0500 9 490 

Oxides of Iron . .... 0*352^1-460 0524 2-000 5800 

Oxide, of Man^aaese . . ^ traoe-^ 0-048 traoa trace 0105 

Lime do.— 336 a320 aoOl OSBTi 

Magnesia 0012—0-125 0130 trace 0728 

Potash trace— 0072 trace da trace 

Soda do. — 0-180 do. do. do. 

Pho9phori<5 Acid . * ... do. 0-034 do. do. 0003 

Sulpnarie Acid ..... do. 0*02Q do. ~ do. trace 

Carbonic Acid — — — — 0-200 

Cklonite. .....,« trfke»^ 001 5* trace trace trace 

HumicAcid ..... 11-910- — H 470 0-200 0-732 

Insoluble Bumiis 16200— -^ 26-530 1-299 0*200 

Water ..... . — — — — 4096 

100\ lOO 100 100 100 

Each of these analyses is deserving of allention. 

1°. That the barrenness of the moor-land soils (1 and 2) is ta be at- 
tributed to their deficiency in Fhe numerous substances of which they 
contain only traces, may almost be said to be proveil by the facl<*-one 
loiig recognised and acknowledged on many of our own moor-lands and 
peaty 8oils«-^that when dressed with a covering of the subsoil (hey be- 
come capable ofsuccessful cultivation. The analysis of the subsoil in 
the seconil column shows that it contains all those mineral constituents in 
fchicli (he sail itself is deficient^-^and to the efieet of these, therefore, tile 
improvement produced upon the soil by bringing it to the surface ta alto*- 
get her to be atiributed. 

2*^. The sandy soil, No. 3, is evidently barren for the same reason as 
the. moorland soils, land 2. The soil ^o. 4 rests on lime-stonev and 
w,afi mfxedwith 7 percent, of lime-stone gravel, and contains a great 
number of the substances which plants require— -but its unfruii fulness is 
to be ascribed to the want of potash audi soda^ of snipbtirie acid- and of . 
chlorine. Wood ashes and a mixture of common salt with gypsum or 
sulphate of soda, would probably have remedied these defects. 

3°. Among the fertile soils to which I recently directed yotjr attention 
(p. 284) was one from Belgium, in which the proportion of organio 
matter was less than half a per cent, of its whole- weight. In the above 
table, on the other hand, we have two nearly barren soilsr containing 
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each 11 per ceiit of humic acid, besides a iDiich larger proportion of in- 
soluble organic matter. It is obvious, therefore, that the fertiliiy of a 
soil is not dependent upon its containing this or that proportion of vege- 
table matter, either in a soluble or an insoluble form. It is certainly 
true that many very fertile soils do contain a considerable quantity of 
organic matter, in a form in which it may readily yield nourishment to 
the roots of plants. Yet such soils are not fertile merely in consequence 
of the presence of this organic matter, as a source of organic food to the . 
plant. It may be present, and yet the soils, like those above-mentioned, 
may remain barmn. Where soils become fertile apparently by the 
long accumulation of such vegetable matter in the soil, it is not merely 
because of the increase of purely organic substaiKes, such as the humic 
and ulmic acids, but, because, as I have already had occasion to mention 
to you, the decaying vegetable matter which ^iroduces them contains 
also, and yields to the soil, a considerable abundance of some of those 
inorganic substances which plants necessarily require. The organic 
matter is an indication of their presence in such soils. But they may 
be present ^without the organic matter. They may either be duly pro- 
portioned in the soil by nature-ror they may be artificially mixed with 
It, and then this use of the organic matter may be dispensed with. It is 
of more importance to bear this in mind, because not only vegetable 
physiologists, but some zealous chemists also, have laid great stress u|)ou 
the quantity of ^uble and insoluble organic matter contained in a soil, 
and have been led to consider it as a safe index of the relative fertirity 
of different soils. 

The history of science shows, by many examples, that those men 
who adopt extreme views,^-who attempt to explain all phenomena of a 
given kind, by reference to a single specific cause— have ever been of 
very great use in the advancement of certain knowledge. Their argu- 
ments, whether well or ill founded, lead to discussion, to further investi- 
gation, to the discovery of exceptional cases, and, finally, to the general 
adoption of modified views which recognise the action of each special 
cause in certain special cases, but all in subordination to some more ge- 
neral principle. 

Thus, if some ascribe the fertility of the sojl to the presence of the 
alkalies in great abundance, others to that of the phosphates, others to 
that of lime, others to that of alumina, and others, finally, to that of ve- 
getable matter in a soluble state— all these extreme opinions are recon- 
ciled, and their partial truths recognised, in one general principle, that 
a soil to be fertile mttst contain all the substances which the plant we lie- 
sire to grow can only obtain from the soil, and in such abundance as 
readily to supply all its wants; while at the Satne time it)^%tH contain 
nothing hurtful to vegetable life. ' 

III.— SOILS CAPABLE OF IMPROVEMENT BY THE ADDITIO:! OP 
MINERAL MATTER. 

On the principle above stated depends in very many cases the mode 
of improving soils by the addition of mineral substances, as well as the 
method of explaining tlie remarkable eflects occasionally pcoduced by 
their mixture with the land. The following analyses wiU place this 
matter in a clearer light :— 
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1. 


2. 


3. 


4. 




86il n«ar Pft. 


NearDrakMi- 




Near 




dinghiittel, on 


burfffontha - 
weser. 


heim, in 


Brun*. 




theWeser. 


Brunswick. 


wick. 


Silica and Quartz Sand 


. 93-720 


92014 


90-221 


95-698 


Alumina . 


. 1-740 


2-652 


2-106 


0-504 


Oxide of Iron . 


. 2-060 


3-192 


3-951 


2-496 


Oxide of Manganese . 


. 0-320 


0-480 


0-960 


trace 


Lime 


. 0-121 


0-243 


6-539 


0-038 


Magnesia . . 


. 0-700 


0-700 


0-730 


0147 


Potash (chiefly in combina- 








tion with Silica) . 


. 0-062 


0-125 


0-066? 

0-010 ; 


0090 


Soda (do.) . 


. 0-109 


0-026 


Phosphoric Acid 


. 0-103 


078 


0-367 


0164 


Sulphuric Acid 


. 0-005 


trace 


trace 


0007 


Chlorine in common Salt 


. 0-050 


trace 


0-010 


0-010 


Humic Acid 


. 0-890 


0-340 


0-900 


0-6-26 


Other Organic matter 


. 0-120 


0-150 


0-140 


0-220 



100 



100 



100 



100 



The first of these soils produces natu rally heaviJ^fvl red clover-^he 
second produces very had red clover. On comparing the constitution of 
the two soils, we see the second to be deficient in sulphuric acid and 
chlorine. A dressing of gypsum and common salt would supply these 
deficiencies, and render it capable of producing this kind of clover. The 
third soil is remarkable for growing luxuriant crops of pulse^ when ma- 
nured with gypsum. The almost total absence of sulphuric acid ex- 
plains this effect. The fourth soil was greatly improved by soap-boiler's 
ash, which supplied it with lime, magnesia, manganese, and other sub- 
stances. 



I need not further multiply examples to show you how much real 
kUowledge is to be derived from a rigidly accurate analysis, not only in 
regaid to the agricultural capabilities of a soil, but also in regard to the 
natural and necessary food of plants, and to the manner in which 
mineral manures act in promoting and increasing their growth. The 
illustrations I have already presented will satisfy you— 

1^.^ That a fbrtile soil must contain all the inorganic constituents which 
the plant requires, and none that are likely to do it an injury. 

2°. That if the addition of a given manure to the soil render it more 
fertile— 4t is because the soil was defective in one or more of those sub- 
stances which the manure contained. 

2t°. That if a given application to the land fail to improve it-~of gyp- 
sum, of bone-dust, of common salt, for exam pie— it is biecause enough of 
the sobstance applied is already present, or because something else is 
still wanting to render the previous additions available. 

4°. That the result of extended experience in our country, that the 
clay soils are best for wheat, and sandy soils, such as that of Nor- 
folk, for barley, is not to be considered as anything like a law of natuee. 
setting aside the clay land for the special, growth of wheat, and denying 
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to the sandy mnU the power of yielding abundant crops of this kind of 
grain. Almost every district can pnosetit examples of well cnltivated 
fields, where the contrary is proved— -and the wheat crops which are 
yearly reaped from the sandy plains of Belgium^ deaaonstrale it on m 
more extended scale* 

Chemically speaking, a soil will produce any crop abundantly,, pro- 
vided it contain an ample supply of all that the cmp we wi^ to raise 
may happen to require. But, in practice, soils which do not contain all 
these substances plentifully, are vet fiuind to differ in their power.of 
yielding plentiful returns to the husbandman. Such diOereoces^ arise 
from the climate, the exposure, the cplour, the finenesaof &e i^actides, 
tin lightness or porosity of the soil-^rom the quantity of moisture it im< 
capable of retaining, or from some other of its numerous physical pcoK 
perties. These physical properties, dierefore, it is necessacy shortly to 
consider. 

§4. Of the jihysical properties of goiU* 

To the physical properties of saih was formerly ascribed a much 
more fundamental importance than we can now attach to them. Orome 
and Schubler regarded the fertility of a soil as entirely dependent Upon 
its physical pP9perties» Influenced by this opinion, the former publisned 
the results of an examination of numerous soils in the Prussian provin- 
ces, which ate now possessed of na scientific interest; because they 
merely indicate the amount of clay^ sand, and vegetable matter which 
Uiese soils severally contained^* The latter completed a very elaborate 
examination of the pfavsical propeities of soils, which is very useful and 
instructrv« ;f but the defective nature of which, in accounting for their 
agrieulinrai capaln^ities, became evident to the author himself, when the 
more-correct and scientific views of Sprengel, illustrated in the prece<d- 
ing section, afterwards became known to him. In giving, therefore, 
their due weight to the physical nroperties, we must not forget that in 
nature they are subordinate to the chemical constitution of s(uU. Plants 
ma^r grow upon a soil, whatever its physical condition-4f all the Ibod 
they req^uire be within their reach'— while, however favourable the pby- 
sical condition may be, nothing can vegetate in a hedlthy manner, if the 
soil he deficient in some necessary kind of food, oor contain what iaiki^ 
strtrctive to vegetable life. 

Of the physical properties of soils the most impoztantara their den- 
sity, their power of absorbing and retaining water and ais» their ei^Ulary 
action, their colour, and their consistence or adhesive powau There 
are one or two others, however, to which it will be neceasaiy shortly to 
advert. 

f t.--4fECHAIf rCTAX RELATIOlfS or SOILS. 

1^. Tht density and absolute weight of a sei/.«— Some soifar ave mock 
heavier than others, not merely in the ordinary sense of hesrjitod'l%hti 
as denoting clayey and sandy soiU» but in' reference to theabieltttet weight 
of equal bu£ks. 
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Tbm ftcubic feotoCdcy 

Siliseoo9or Caleareooi Stuwi 'i w e i ghs Atom . 110 tba^ 
Half Stod and half Clftv . . • . ^ . . 9d 
OfeommoBaMifaiBrLaaairltom • • * •,80'tty90 
Of pure agricoltoral CSsf (p«g« d)l)) • . • 7b 
Of gardes Mould, ridMffiaTOgetable matter «. 70 
Of a peaty Soil, froat v ...... 30 to 50 

Sandy sotts, therefore, are the heaviest. The weight diminishes with 
the increase of clay, and lessens still further as the quantity of vegetable 
mtMbt augments. 

In practice, the denser a soil is, ^e less injnry wilt be done to the 
land by the passage of carts and the treading of cattle in the ordinary 
operations of husbandry. In a theoretical point of view it is of qonse- 
qoenoe to vepetatioa, chiefly In so far as, according to the experiments 
of Sf^bief, the denser soils retain their warmth for a longer period when 
the son" goee down, or a cold wind comes on. Thus a peaty soil will 
cool as much in an hour and a half as a pure clay in* two, or a sand in 
tiiFee hours* 

2^. (Jf ^ ^aU of dmsion of the constUuent part9 of the «ot7.-— 
With this rdativ^ weight of different soils, their state of division is in 
some degree connected. Some soils consist of an admixture of exceed- 
ingfy 6»e panielea bolb of sand and clay— while in others, coarse sand, 
stones aa4 gravels, largely predominate. There can be no doubt that the 
state of the soil in this respect has a material influence upon its- product 
tiye charaeter, and coBsequentlV upon its money value, since the labours 
of the husbandman in lands* of a stiffer and more coherent nature are 
chiefly exppnded in bringing them inta this more favourable powdeij con- 
dition. In the description and' examination of a soif, thererore, this pro- 
perty ought by no «ieans to be passed lightly over-Hsince it is ope in 
regw^d to which a mere chemical analysis gives us little or no hifbrma- 
tion. 

In some parts of the country, the farmer diligently gathers the 
stones off his land, while in others the practice is condemned as himful 
to the arable crops. The letter fact i» explained by supposing that^ 
these stones- in winter afibrd sbeher to the winter^cem, and in warmer 
seasons protect the ground in some degree from the drying winds, and 
retain beneath %hem a supply of moisture of which the neighhooring 
roots can readily avail- themselves. 

y . Firmnetf' and adhesive power of tfotfe.— When soiU dry in the 
ahr tbe^ cohere and become hard and srifi* in a greater or lese. degree. 
Pure ailiceo«is aands, alone, do not at all cohere when dry — while pure 
clays become hard and very difficult to pulverize. In proportion to the 
quantity cf sand with which the latter are mixed, do their tenacity and 
hardness dirainteh. The difficulty of reducing clays to a fine powdier in 
the open fields or of bringing them into a gooH tilth, may be overcome,, 
therefore, by an admixture of sand or gravel, but there are few localides 
wber» the expense of such an operation does not. present an insuc- 
mouotable ohstaele. Thorough draining, however, subsoil ploughing, 
and^caiefal t^l^ge, wiU gradually bring the moet^ refractory soils of this 
character into a condition in which they, can be more perfectly and more 
economically worked. 
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Soils also adhere to the ploagh in different degrees, and, therefore, pre- 
sent a more or less powerful obstruction to its passage. All soils present 
a greater resistance when toet than when dry, and all considerably more 
to a wooden than to an iron ploagh. A sandy soil when wet offers a re- 
sistance to the passage of agncoltural implements, equal to about 4 lbs. 
to the square foot of the surface which passes thronah it— a fertile vege- 
table soil or rich garden mould about 6 lbs., and a clay Cmm 8 to 25 lbs. 
to the square foot. These diflbrences will naturally form no inconsider- 
able items in the calculations of the intelligent farmer when he estimates 
the cost of working, and the consequent rent he can afford to pay for this 
or that soil, otherwise equal in value. 

II.— •RELATIONS OF SOILS TO WATER. 

1®. Power of imbibing moisture from the air.— When a portion of soil 
is dried carefully over boiling water, or in an oven, and is then spread 
' out upon a sheet of paper in the open air, it will gradually diink in watery 
vapour from the atmosphere, and will thus increase in weight. In hot 
climates and in dry seasons this property is of great importance, restoring 
as it does, to the thirsty soil, and bringmg within the reach of plants, a 
portion of the moisture which during the day they had so copiously ex- 
haled. 

Different soils possess this propierty in unequal degrees* Dunng a 
night of 12 hours, and when the air is moist, according to Schiibler, 1000 
lbs. of a perfectly dry 



Clay Loam ... 25 lbs. 
Pure Agricultural Clay 27 



Quartz Sand will gain lbs. 
Calcareous Sand. . 2 
Loamy Soil . . 21 
and peaty soils, or such as are rich in vegetable matter, a still larger 
quantity. 

Sir Humphry Davy found this property to be possessed in the highest 
de^ee by the most fertile soils. Thus, when made perfectly dry, 1000 
lbs. of a 

Very fertile Soil from East Lothian gained in an hour 18 lbs. 

Very fertile Soil from Somersetshire 16 

Soil worth ,45s. per acre from Mersea, in Essex . . 13 

Sandy Soil worth 28s., from Essex 11 

Coarse Sand worth only 15s 8 

Soil of Bagshot Heath 3* 

Fertile soils, therefore, possess this property in a very considerable de- 
gree, and^ though we cannot, by determining this property alone, infer 
with safety what the fertility of a soil is likely to prove— since peaty 
soils and very strong clays are still more absorbent of moisture, and 
since this property is only remotely connected with the special chemical 
constitution of a soil— yet among arable, sandy, and loamy lands, it cer- 
tainly does, as Sir Humphry Davy states, afford one means of jnd^^ng 
of their relative agricultural capabilities. 

2°. Power of contaiHing or holding water. ^^If water be poured drop 
by drop upon a piece of chalk or of pipe-clay, it will sink in and disa(H 
pear, but if the dropping be continued, the pores of the earth will by de- 

* Sir H. BKfj'f Works, vol vU., p. 326. 
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graot beoom* fiUsd wiiii wafer, and it will at laqgtb he^a to drof out 
from the under part aa i( is added above* This property is exhibited ia 
a cenaio degree b^ all aoiU. The rain falls aod is drimk in, the dew 
also descends, and is thus taken posseanon of by the soil. But alter much 
raia has fallieo, the earth beconies saturated, and the rest either rune off 
from the 8ttriiu:e or sinks through to the drains. Thie happens moio 
speedily in some soils than in odiecs. Thus, from 106 ib^ of dry wiL 
water will beffin to drop— if it be a 

Quartz S&od, when it haa absorbed ...... S5 lba« 

Caloaneous Sand «..•«•..«.•.. 29 

Loamy Soil 40 

£oglishCha]J& 4^ 

Clay Loam •.•.«50 

Pure Clay . • 7Q 

but a dry peaty soil will absorb a very much larger proportioa (Sehii- 
bler), before it suffers any to escape, tlseful aiahle soUa are Cband to be 
capable of thuscootaining from 40 to 70 percent, of their weight of water. 
If the quantity be less than this, the sails are said to be besc adapted for 
pine plaotationsv— if greater, ibr laying down to grass. 

In dry climates this power of holding water must render a soil more- 
valuable, whereas in elimates such as ours, where rains rather over* 
abound, a simple determination of this property will serve to indicate 
to the practical farmer on which of his fields it is most impoFtaoH to him, 
in reference to surface water, that the operation* of draining should bo 
first and most efiectoally performed. The moro wateK the soil eontaina. 
within its jporesi the more it has to part with by subsequent evaporation i 
i|fid» therefore, the colder it is likely to be. The preseaoe of this water also* 
excludes the air in a great degree, so that fi>r tbese, aa well aa for other 
reasoae, it is desirable to afibrd every facility for the speedy removal of 
the excess of water fmm such soils as. absorb it* and are eapable of eaa* 
tainii^ it* i» a very ku^e propertM>n. 

3°. Power of reUxoivikg vbqUt xoken &epa$6d to the air.f-*Unlesst when 
rain or dew are falling, or when the air is perfectly saturated with moia* 
ture, watery vapour ia eoDstantly rising vom the sorftice of the earth. 
The fields, after the heaviest rains asd floods, graduall^^beeome dr^, 
though this, as every farmer has observedy takes place in seias of bis 
fields with much greater rapidity than io others;. Geaeralhf speaJiiag» 
those soibi which are capable of arresting and eentainiog the largest per-* 
tiooof therain thAtfalls^ivtaio it also with thegreaiiestob8tiaacy,aod take 
the longeat tinae^odry. Thus a sand wiU heeomo as drv v^ one hour as a 
pure <&y in three, or a piece oC peat in four hours. l!his, thenfore, not 
only explains, end shows the oorrectnesa of, the well-knowB dis&iaetieoa 
df warm and cM soils, but exhibits another strong acgmment iu favour 
of a perfect draiaage ef stiff soils and of aaoh as eaataiii a large proportioa 
of decayiBg vegetable matter. 

4°. CapUUay wwtr (if tke MnL— When water is poured into the sola 
of a flower«pot, toe soil gradually socka it i&aod becomes aooist even to 
tbe: suffiice. The same takee placo io the sail of the open fields. The 
water from beneath— -that contained in the svbcoi^is giradually caehed 
«p ta the eaffiietb Where water is present in exeese^ ihia eapittaiy mwrn^ 
«i it ia cattedi keeps theaoil always moist and cold» 
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The tendency of the water to ascend, however, is not tlie same in all 
•oils. In those which, like sandy scnls and such as contain much vege- 
table matter, are open and porous, it probably ascends most freel^r, while 
stiff* clays will transmit it with less rapidity. No precise experiments, 
liowever, have yet been made upon this subject, efaiefly, I believe, be* 
cause this property of the 9Cn\ has not hitherto been considered of such 
importance as it really is, to the general vegetation of the globe. Let us 
attend a little to this point. 

I have already drawn your attention to the fact, that the specimens <^ 
soil which are submittedf to analysis generally contain very little saline 
matter, and yet that in a crop reaped from the same soil a very consider- 
able proportion exists. This I have attributed to the action of the 
rains which dissolve out the soluble saline matter from the surface 
soil, and as they sink, carry it with them into the subsoil; or from 
sloping grounds, and during very heavy rains, partly wash it into the 
brooks. Hence from the proportion of soluble matter present at any one 
time in the surface soil, we cannot safely pronounce as to the quantity 
which the whole soil is capable of yielding to the crop that may be grown 
upon it. For when warm weather comes and the surface soil dries 
rapidly, then by capillary action the water rises from beneath, bringing 
with it. the soluble substances that exist in the subsoil through which it 
ascends. Successive portions of this water evaporate from the surface, 
leaving their saline matter behind them. And as this ascent and eva- 
poration go on as long as the dry weather continues, ^e saline matter 
accumulates about the roots of tne plants so as to put within their reach 
an ample supply of every soluble substance which is not really defective 
in the soil. I believe that in sandy soils, and generally in all light soils, 
of which the particles are very fine, this capillary action is of great im- 
portance, and is intimately connected with their power of producing 
remunerating crops. They absorb the falling rains with great rapidity, 
and these carry down the soluble matters as they descend^-eo that when 
the soil becomes soaked, and the water begins to flow over its surface, 
the saline matter being already buried deep, is in little danger of beiog 
washed away. On the return of dry weather, the water re-ascends from 
beneath and qgatn diffuses the soluble ingredients through the upper soil. 

In climates such as ours, where rains and heavy dews firequeotly fall, 
and whera the soil is seldom exposed for any long period to hot somxbiei^ 
weather unaccompanied by rain, we rarely see the full effect of this ca- 
pillary action of the soil. But in warm climates, where rain seldom^ or 
never falls, the ascent of water from beneath, where springs happen to 
exist in the subsoil, goes on without intermission. And as each new 
particle of water that ascends brings with it a particle, however small, 
of saline matter (for such waters are never pure), which it leaves behind 
when it rises into the air in the form of vapour, a crust, at first thin, but 
thickening as time goes on, is gradually formed on the surface of the soil. 
Such crusts are seen in the dry season— in India, in Egypt, and in many 
parts of Africa and America. In hot, protracted summers they may be 
seen on the surface of t>ur own fields, but they disappear again with the 
first rains that fail. Not so where rains are unknown. \nd thus on the 
arid plains of Peru, and on extensive tracts in Africa, a deposit of saHiie 
matter, sometimes many feet in thickness, is met with oo the surface of 
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wide plaint, in the hollows of deep valleyt, and on the bottomt of ancient 
lakee. Such an incrustation, probably so formed, is the bed of nitrate of 
soda in Peru, from which all our supplies of that salt are drawn-— such 
are the deposits of carbonate of soda (urao) extracted from the soil in the 
South American State of Colombia. 

5^. Contraction of the soil on drying.^^Some soils in dry weather di- 
minish very much in bulk, shrink in, and crack. Thus, after being 
soaked by rain, pure clay and |)eaty soils diminish in bulk about one- 
fifth when they are again made perfectly dry— while sand has the same 
bulk in either state. The more clay or vegetable matter, therefore, a 
soil contains, the more it swells and contracts in alternate wet and dry 
weather. This contraction in stiflf clays can scarcely fail to be occa- 
sionally injurious to young roots from the pressure upon the tender fibres 
to which it must give rise, while in light and sandy soils the compres- 
sion of the roots is nearly uniform in all weathers, and they are undis- 
turbed in their natural tendency to throw out oflf-shoots in every direction. 
Hence another good quality of light s(nls, and a less obvious benefit 
which must necessarily result from rendering soils less tenacious by ad- 
mixture or otherwise. 

III.— EELATIONS OF THE SOIL TO TH£ ATMOSPHERE. 

Power of absorbing oxygen and other gaseous substances from the 
air.— 1°. The importance of the oxygen of the atmosphere, first to the 
germination of the seed, and afterwards to the growth of the plant, I have 
already sufficiently insisted upon. It is of consequence, therefore, that 
this oxygen should gain access to every part of the soil, and thus to all 
the routs of the plant. This access can be facilitated by artificially 
working tbife land, and thus rendering it more porous. But some soilat, 
in whatever state they may be in this respect, have been found to absorb 
oxygen with more rapidity, and in larger quantity, than others. Thus 
clays absorb more oxygen than sandy schIs, and vegetable moulds or 
peats more than clays. This difference depends in part \x\ion the natural 
porosity of these different soils, and in part also upon the chemical con- 
stitution of each. If the clay contain iron or manganese in the state of 
first or i^ro^oxides, these will naturally absorb oxygen for the purpose of 
combining with it,— while the decaying vegetable matter will in like 
manner, in such as contain it largely, drink m much oxygen to aid their 
natural decomposition. 

2^. Besides the gases, oxygen and nitrogen, of which the air princi- 
pally consists, the soil absorbs also carbonic acid from the atmosphere, 
^ and portions of those various vapours,— whether of ammonia and other 
effluvia which rise from the earth, or of nitric acid formed in the air,— ^ 
and these, in the opinion of some chemists, contribute very materially to 
its natural fertility. This, however, is very much a matter of conjec- 
ture, and no experiments have been made as to the relative capabilities 
of different soils thus to extract vegetable food from the surrounding air. 
One fact, however, seems to be clearly ascertained, that all soils, namely, 
absorb gaseous substances of every kind most easily and in the greatest 
abundance when, they are in a moist state. The fall of rains, or the de- 
scent of dew, therefore, will favour this absorpdon in dry seasons; and it 
will also be greatest in those soils which have the power of most readily 
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eztractiBf watery vapour from the air during tfie absence of the suo. 
Heoee the k^aenee of the dews and of gentle showers on the progress 
of vegetatkm, is not limited to the mere supply of water to the thirsty 
ground, and of thoae vapours which they bring wiih them as they descend 
to the earth, but is partly due also to the power which they impart to the 
nsoisteoed soil, of eztractinff for itself uew supplies of gaseous matter 
ftoat ^e surrounding atmos^re. 

lV.--RltI.ATI01CS OF THB SOIL TO BKAT. 

There aie aomeof the relations of soils to heat, which have considers- 
bie influence upon their power of protnotiDg vegetation. These are the 
rapidity with whieh they absorb heat from the air, the temperature they 
are capable of attaining under the direct action of the sun's rays, aod the 
length of time during which they are able to retain this heaf . 

1°. Power (^ ahmrimg heat^^lt is an important fact, in reference to 
the ffrowth of plants, that during sunshine, when the sun*s rays beat upon 
it, me earth acquires a much higher temperature than the surrounding 
air. This temperature very often amounts to 110°, and sometimes to 
nearly 150°, while the air in the shade is between 70° and 80° only. 
Thus the roots of plants are supplied with that amount of warmth which 
is most favourable to their rapid growth. 

Dark-coloured— such as black and brownish red— sonis absorb the 
heat of the sun most rapidly, and therefore become warm the soooesf. 
They also attain a higher temperature-^by a few degrees only, how- 
ever (3° to 8°),— ^an soils of other colours^ and thus, under the action 
of the same sun, will more rapidly promote vegetation. In climates, 
SQch as ours, where the presence of the sun is often wished for in vain 
in time of harvest, thie pzoperty of the>8(xl possesses a considerably eco- 
nomical value. In other parts of the world, where sunshine abounds, 
it becomes of less importance. 

Every one will understand that the abovQ ^i^rences are observed 
among such soils only as are exposed to the same sun under the same 
circumstances. Where tbe exposure or aspect of the etAl is such as to 
give it the preloi^ed benefh of the sun's rays, or to belter it from cold 
winds, it will prove more propitious to vegetation than many others less ' 
farvourably situated, though darker in colour and more free from super- 
fluous moistttre. 

•2°. Potoer of retaining heaL'^Bni soils differ more in their power of 
retaining the heat dvey hsve thu9 absorbed. You know that all hot bodies, 
when exposed to the air, gradually become cool. So do all soils ; but a 
sandy soil will cool move slowly than a clay, and the latter than a soil 
which is rich in vegetable matter. The dinerence, acccnrding to Scbnb- 
ler, is so great, that a peaty soil cools as much in one hour as the same 
bulk of cliy in two, or of sand in three hours. This may no doubt have 
coosideFable influence upon growing crops, inasmuch as, after the sun 
goes down, the sandy sml will be three hours in cooling, while the clays 
will cool to the same temperature in two, and rich vegetable mould rn 
one boor. But on &ose soils which cool the soonest, dew will first begin 
to be deposited, and itjs doubtful, where the soils t^e equally drained, 
whethei;, w suanner weather, the greater proportion of dew deposited nn 
the di^ mad vegetable moulds may not mon than oompeosate to the 
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parched toil—for the lees piolonged duradoii of the eieveted lempeM- 
ture derived froai the action of the sun's rays. It is also to be remeni- 
beredf that vegetable soils at Jeast absorb the sun's, heat more rapidly 
^an the lighter coloured sandy soils, and thus tbe (Uants which grow in 
the former, which is sooner heated, may in reality be exposed to the 
highest influenee of the sun's warmth-^for at least as Imig a period tut 
Uiose which are planted in the latter. 

The only power we possess over these xelations of soils to heat, ap- 
pears ta be, that by top-dresmng with chaicoal* with soot, or with dark- 
coloured composts, we' may render it more capable of rapidly absorbing 
the sun's heat, and by admixtuns with sand, more capable of cetaaning 
the heat which it has thus obtained* 



Suca are the most important of the physical properties of soils* Over 
some of them, the skilful farmer possesses a ready control. He can 
drain his land, and thus render it cheaper to worJ( and more easy to re- 
duce to a fine powder. He can plough, subsoil, and otherwise work it 
well, and thus can make it more open and porous, more accessible both 
to air and water. When it is light and peaty, he can lay heavy matter 
over it— clay, and sand, and lime-stone rubble — and can thus increase 
its density. He can darken its colour in some localities with peat com- 
posts, and can thus make it more absorbent of heat and moisture, as well 
as more retentive of the rain that falls. But here his power ends, and 
how far any of the changes within his power can be prudently attempted 
will depend upon the expense which, in any given locality, the operation 
would involve. And even afler he has done all which mere mechanical 
8^11 can suggest, the soil may still disappoint his hopes, and refuse to 
yield him remuiierating crops of corn. 

" A soil," says Sprengel, " is often neither too heavy nor too light, 
neither too wet nor too dry, neither too cold nor too warm, neither too 
fine nor too coarse ;— hes neither too high nor too low, is situated in a 
propitious climate, is found to consist of a well-proportioned mixture of 
clayey and sandy particles, contains an average quantity of vegetable 
matter, and has the benefit of a warm aspect and favouring slope."— 
[Bodenkunde, p. 203.] It has all the advantages, in short, which 
physical condition and climate can give it, and }ret it is unproductive. 
AzkI why ? Because, answers chemical analysis, it is destitute of cer- 
tain mineral constituents^ which plants require for their daily food. The 
physical properties, therefore, are only accessory to the chemical consti- 
tution. They bring into favourable circumstances, and thus give free 
scope to the operation, upon the seeds and roots of plants, of those che- 
mical substances which Nature has kindly placed in most of our soils, or 
by the lessons of daily experience is teaclmig the skilful labourer in her 
fields to supply by art. 

And yet the study of the physical properties of soils is not without its 
use, even in a theoretical point of view. It shows both the use of the 
fundamental admixture of sand, clay, and vegetable matter, of which 
our soils consist, and for what special end all the mechanical labours of 
the husbandman are undertaken, and why they are so necessary. Plants 
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nuMt be firmly fixed, therefore the soil must iiave a certain consistency, 
— >4heir roots must find a ready passage in every direction ; therefore the 
soils must be somewhat loose and open. Except for these purposes, we 
see little im^Hcdiate use for the sand and alumina wliich form so much 
of Uie substance of soils-^iU we come to study their physical properties. 
The siliceous sand is insoluble, and the alumma exists in plants in very 
minute quantity only, while during tlie progress of natural vegetation, 
the proportion of vegetable matter in tlie soil actually increases. The 
immediate agency, therefore, of these substances is not chemical but 
physical. 

Tlie alumina of the clays is of immediate use in absorbing and retain* 
ing both water and air for tlie use of the roots-^while the vegetable mat- 
ter is advantageous in reference to the same endst as well as to the power 
of absorbing quickly and largely the warmth of the sun*s rays. The 
soil, in short, in reference to vegetation, performs' the four following dis- 
tinct and separate, but each of them important and necessary, func- 
tions :— 

1^. It upholds and sustains the plant, affording it a sure and safe an- 
chorage. 

2^. It absorbs water, air, and heat, to promote its growth 

These are its mechanical- and physical functions. 

3^. It contains and supplies to the plant both organic and inorganic 
food as its wants require ; and 

4°. It is a workshop in wliicli, by the aid of air and moisture, chemi- 
cal changes are continually going on ; by which changes these several 
kinds of food are prepared for admission into the living roots. 

These are its chemical functions. 

All the operations of the husbandman are intended to aid the soil in t)ie 
perfoirmance of one or other of these functions. To the most important 
of these operations-^ he methods adopted by the practical farmer for 
improving the soil— -it is my intention, in the followiog division of tliese 
Lectures, briefly to direct your attention. 



